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Abstract
Fine motor skills are essential for daily life activities and shape the
foundations for children’s independence in the early stages of life. The purpose of
the Doctorate thesis was to contribute to the evidence-base in early fine motor
development, including the understanding of children’s progression, methodology
of supportive strategies and assessment of children’s fine motor abilities. In
addition to the general introduction, literature review and general discussion, the
thesis incorporates five studies focused on increasing understanding and support
for fine motor development in early childhood education and care settings.
The first study examined the prevalence of early fine motor delay (3-5
years) and its risk factors from children within low-income communities in
Australia. The study found that over 20% of preschool children had difficulties
with their fine motor skills. A number of child (e.g., sex, self-regulation,
Indigenous status) and environmental (e.g., family income and education levels)
factors were identified as being associated with a higher likelihood of fine motor
problems.
The second study was a systematic review and meta-analyses on motor skill
interventions that aimed to increase young children’s (0-6 years) fine motor skill
development. Even though there were extensive differences between the
intervention methodology (e.g., settings, content, facilitators and length), 25 of the
31 programs, including 19 within the meta-analyses, were effective in enhancing
children’s fine motor abilities (e.g., fine motor, manual dexterity, visual motor).
With many intervention programs implemented in early childhood education
and care services, the third study conducted an exploratory investigation of the
perceived needs of early childhood educators to better support children’s fine
v

motor skills. In addition, the study examined educators’ understanding and current
supporting practices of fine motor development. Educators were able to reflect on
key elements of fine motor development, links with other aspects of development
and factors that contribute to fine motor development. Early childhood education
and care services typically provided a rich environment (e.g., experiences and
resources) for children to develop their fine motor skills. Findings suggest that
there is need for better formative assessment tools for educators, as well as the
provision of professional learning to assist their understanding of supportive
strategies and practices.
The fourth and fifth studies focused on the development and evaluation of a
formative assessment tool using observational ratings to assess children’s fine
motor skills, incorporating fine motor activities in line with experiences found
within the early childhood education context. The fourth study examined several
fine motor activities, from which the results were used to develop the Fine Motor
Growth Assessment (FINGA). The fifth study examined the variability of the tool
by evaluating the construct validity, internal consistency and developmental
sensitivity of the FINGA, as well as the concurrent validity compared with two
existing fine motor assessments. Results of this validation research was promising
and showed that the FINGA is a valid and reliable tool to assess children’s fine
motor skills.
Chapter 8 provides a discussion of the main findings including future
research and implications of the research. It is expected that this thesis is of
interest for researchers and practitioners wanting to understand and support
children’s fine motor acquisition. To conclude, this Doctorate thesis has played an
important role in understanding supportive methodology to intervene with fine
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motor difficulties. Moreover, it highlighted that within the early childhood and
care settings it is essential to attend to the demands of the educators to ensure they
can provide optimal support to children’s development.

vii

Thesis Style
This thesis has been prepared in journal article compilation style format. A
signed thesis style format agreement between PhD candidate and principle
supervisor can be found in Appendix A.

Publication from the thesis
Published manuscripts
Chapter 3
Strooband, K. F. B., de Rosnay, M. & Okely, A. D. (2020). Prevalence and risk
factors of pre-schoolers’ fine motor delay within vulnerable Australian
communities. J Paediatr Child Health. Doi: 10.1111/jpc.15152

Chapter 4
Strooband K. F. B., de Rosnay, M. Okely A. D. & Veldman S. L.C. (2020).
Systematic Review and Meta-Analyses: Motor Skill Interventions to
Improve Fine Motor Development in Children Aged Birth to 6 Years. J Dev
Behav Pediatr, 41(4), 319-331. doi: 10.1097/DBP.0000000000000779

Manuscript to be submitted to The Australian Educational Researcher,
estimation June 2021
Chapter 5
Strooband K. F. B., Okely A. D., Vasseleu E., Neilsen-Hewett C. & de Rosnay,
M. (2021). A Qualitative Study of Early Childhood Educator’s Perspectives
Practices and Needs on Fine Motor Development in Preschool Aged
Children.
viii

Manuscript under Review
Chapter 7
Strooband K. F. B., Howard S. J., Okely A. D., Neilsen-Hewett C. & de Rosnay,
M. (2021). Validity and reliability of a fine motor assessment for preschool
children. Submitted to Early Childhood Education Journal

Conference presentation / parts of the thesis were to be presented at:
Strooband K. F. B. (2020, June 17-20). Systematic Review and Meta-Analyses:
Motor Skill Interventions to Improve Fine Motor Development in Children
Aged Birth to 6 Years [Poster session cancelled]. International Society of
Behavioral Nutrition and Physical Activity, Auckland, New Zealand.
https://venuewest.eventsair.com/QuickEventWebsitePortal/isbnpa2020annu
almeeting/eventinfo/Agenda/AgendaItemDetail?id=bfc9453b-0013-4a098424-a4aa2ca8d04d
Strooband K. F. B. & Grimmond J. (2020, July 13-15). Development phases of
two early years assessment tools, NUMBBA and FINGA [Conference
session]. Early Start conference, Wollongong, Australia (Conference
cancelled)

In all cases regarding work that has been published and submitted for
publication, the greater part of the work is directly accredited to me, as a PhD
candidate. Supervisors have enacted their role in the formulation of research ideas
and in editing manuscripts. All investigations, analyses and reporting have been
carried out solely by me, in keeping with the requirements of my candidature. A
signed statement of contribution can be found in Appendix B.

ix

Table of Contents

CERTIFICATION ..................................................................................................................................... II
ACKNOWLEDGMENTS ........................................................................................................................III
ABSTRACT ................................................................................................................................................ V
THESIS STYLE .....................................................................................................................................VIII
PUBLICATION FROM THE THESIS................................................................................................VIII
TABLE OF CONTENTS............................................................................................................................ X
LIST OF TABLES .................................................................................................................................... 13
LIST OF FIGURES .................................................................................................................................. 14
CHAPTER 1 .............................................................................................................................................. 15
GENERAL INTRODUCTION ........................................................................................................................ 15
1.1 Overview of research problem ..................................................................................................... 15
1.2 Aim................................................................................................................................................ 16
1.3 Research Questions ...................................................................................................................... 16
1.4 Overview of the Thesis.................................................................................................................. 17
1.5 List of Definitions ......................................................................................................................... 18
CHAPTER 2 .............................................................................................................................................. 20
SELECTED REVIEW OF THE LITERATURE .................................................................................................. 20
2.1 Introduction .................................................................................................................................. 20
2.2 Understanding Fine Motor Skill Acquisition ............................................................................... 21
2.3 Relations between Fine Motor and Other Key Aspects of Development...................................... 23
2.4 Fine Motor Skill Development in the Early Years........................................................................ 26
2.5 Approaches that Foster Fine Motor Development ....................................................................... 29
2.6 Educator Support and Child Outcomes........................................................................................ 33
2.7 Fine Motor Assessment ................................................................................................................ 34
2.8 Assessment strategies ................................................................................................................... 36
FOREWORD TO CHAPTER 3............................................................................................................... 38
CHAPTER 3 .............................................................................................................................................. 39
PREVALENCE AND RISK FACTORS OF PRESCHOOLERS’ FINE MOTOR DELAY WITHIN VULNERABLE
AUSTRALIAN COMMUNITIES .................................................................................................................... 39
3.1 Introduction .................................................................................................................................. 39
3.2 Methods ........................................................................................................................................ 41
3.3 Results .......................................................................................................................................... 44
3.4 Discussion .................................................................................................................................... 48
3.5 Conclusion .................................................................................................................................... 51
FOREWORD TO CHAPTER 4............................................................................................................... 53
CHAPTER 4 .............................................................................................................................................. 54
SYSTEMATIC REVIEW AND META-ANALYSES: MOTOR SKILL INTERVENTIONS TO IMPROVE FINE MOTOR
DEVELOPMENT IN CHILDREN AGED BIRTH TO 6 YEARS.......................................................................... 54
4.1 Introduction .................................................................................................................................. 54
4.2 Methods ........................................................................................................................................ 57
4.2.1 Eligibility Criteria ...................................................................................................................................57
4.2.2 Information Sources and Search ............................................................................................................. 58
4.2.4 Study Selection .......................................................................................................................................59
4.2.5 Data Collection Process .......................................................................................................................... 60
4.2.6 Data items ............................................................................................................................................... 60
4.2.7 Risk of Bias in Individual Studies........................................................................................................... 60
4.2.8 Synthesis of Results ................................................................................................................................ 61

x

4.3 Results ........................................................................................................................................... 62
4.3.1 Study Selection Process .......................................................................................................................... 62
4.3.2 Study Characteristics .............................................................................................................................. 63
4.3.3 Risk of Bias Within Studies .................................................................................................................... 74
4.3.4 Measurement of Fine Motor Skills ......................................................................................................... 77
4.3.5 Types of Interventions ............................................................................................................................ 81
4.3.6 Evidence for Outcomes ........................................................................................................................... 83
4.3.7 Meta-analyses of Intervention Effects .................................................................................................... 85

4.4 Discussion ..................................................................................................................................... 87
4.4.1 Strengths and Limitations ....................................................................................................................... 91
4.4.2 Implications for Future Research ............................................................................................................ 92

4.5 Conclusion .................................................................................................................................... 93
FOREWORD TO CHAPTER 5 ............................................................................................................... 94
CHAPTER 5............................................................................................................................................... 95
QUALITATIVE PAPER: EARLY CHILDHOOD EDUCATORS UNDERSTANDING AND PRACTICES SUPPORTING
FINE MOTOR DEVELOPMENT ..................................................................................................................... 95
5.1 Introduction .................................................................................................................................. 95
5.2 Methods......................................................................................................................................... 97
5.2.1 Participants.............................................................................................................................................. 97
5.2.2 Data Collection Procedure ...................................................................................................................... 98
5.2.3 Data management and Analyses ............................................................................................................. 99

5.3 Results ......................................................................................................................................... 100
5.3.1 Research question 1: What do educators know regarding early fine motor development? .................. 101
5.3.2 Research question 2: How do educators support children’s fine motor development? ........................ 105
5.3.3 Research question 3: What do educators perceive as their current needs in relation to supporting early
fine motor development? ............................................................................................................................... 112

5.4 Discussion ................................................................................................................................... 114
5.4.1 Limitations ............................................................................................................................................ 118

5.6 Conclusion .................................................................................................................................. 119
FOREWORD TO CHAPTER 6 ............................................................................................................. 120
CHAPTER 6............................................................................................................................................. 121
A NOVEL FORMATIVE FINE MOTOR OBSERVATIONAL TOOL: ITEM AND ADMINISTRATION EXPLORATION OF
FINE MOTOR ACTIVITIES ......................................................................................................................... 121
6.1 The present study ........................................................................................................................ 121
6.2 Methods....................................................................................................................................... 122
6.2.1 Participants............................................................................................................................................ 122
6.2.2 Procedure .............................................................................................................................................. 122
6.2.3 Activities ............................................................................................................................................... 123
6.2.3 Assessment development ...................................................................................................................... 124
6.2.4 Data analysis ......................................................................................................................................... 125

6.3 Results ......................................................................................................................................... 125
6.3.1 Participants............................................................................................................................................ 125
6.3.2 Activity 1 .............................................................................................................................................. 126
6.3.2 Activity 2 .............................................................................................................................................. 126
6.4 Tool development and future research..................................................................................................... 128

6.5 Conclusion .................................................................................................................................. 129
FOREWORD TO CHAPTER 7 ............................................................................................................. 130
CHAPTER 7............................................................................................................................................. 131
VALIDITY AND RELIABILITY OF A FINE MOTOR ASSESSMENT FOR PRESCHOOL CHILDREN...................... 131
7.1 Introduction ................................................................................................................................ 131
7.2 Materials and Methods ............................................................................................................... 136
7.2.1 Participants............................................................................................................................................ 136
7.2.2 Measures ............................................................................................................................................... 136
7.2.3 Procedure .............................................................................................................................................. 143

7.3 Results ......................................................................................................................................... 143
7.3.1 Initial data exploration .......................................................................................................................... 143
7.3.2 Construct Validity and Internal Consistency ........................................................................................ 144
7.3.3 Concurrent Validity .............................................................................................................................. 145
7.3.4 Developmental sensitivity..................................................................................................................... 145

xi

7.3.5 Sex effects ............................................................................................................................................. 146

7.4 Discussion .................................................................................................................................. 148
7.5 Conclusion .................................................................................................................................. 152
CHAPTER 8 ............................................................................................................................................ 153
GENERAL DISCUSSION AND CONCLUSION ............................................................................................. 153
8.1 Aim of thesis ............................................................................................................................... 153
8.2 Summary of the Main findings.................................................................................................... 153
8.3 Discussion .................................................................................................................................. 157
8.4 Strengths and Limitations ........................................................................................................... 160
8.5 Future research .......................................................................................................................... 162
8.6 Implications ................................................................................................................................ 164
8.7 Conclusion .................................................................................................................................. 166
BIBLIOGRAPHY OR LIST OF REFERENCES ................................................................................ 168
APPENDICES ......................................................................................................................................... 183
Appendix A - Thesis Agreement........................................................................................................ 183
Appendix B - Statement of Contribution of Others........................................................................... 184
Appendix C - PRISMA Checklist ...................................................................................................... 185
Appendix D - Ethics approval for study 3 ........................................................................................ 186
Appendix E - Participant information sheet and consent form study 3............................................ 187
Appendix F – Parent information sheets and centre poster study 3 ................................................ 189
Appendix G - Observation, interview and journal format study 3 ................................................... 190
Observation Guide ......................................................................................................................................... 190
Semi Structured Interview Discussion Guide ................................................................................................ 192
Educator Journal Guide ..................................................................................................................................193

Appendix H - Ethics approval for study 4 ........................................................................................ 194
Appendix I - Participant information sheet and consent form study 4 ............................................. 195
Appendix J – Director information sheets and centre poster study 4 .............................................. 197
Appendix K - Activity examples study 4 ........................................................................................... 199
Appendix L - Ethics approval for study 5 ......................................................................................... 201
Appendix M - Child and Director information sheet, consent forms and centre poster study 5 ...... 202
Appendix N - FINGA tool first draft ................................................................................................. 207

xii

List of Tables
Table 3.1 Distribution of child characteristics and ASQ results …………….… 44
Table 3.2 Distribution of Family and Environmental characteristics and ASQ
results ...………………………………………………………………………… 45
Table 3.3 Child characteristics associated the odds of being delayed or at risk of
fine motor delay ..…………….………………………………………………… 47
Table 3.4 Family and environmental characteristics associated the odds of being
delayed or at risk of fine motor delay ..………………………………………… 47
Table 4.1 Risk of Bias Checklist ………………………………………………. 61
Table 4.2 Study/ Intervention Characteristics and Findings ...……………… 65-73
Table 4.3 Risk of Bias Assessment in Intervention Studies Examining changes in
FM development .………………………………………………………………. 78
Table 4.4 Measurements of Fine Motor Development ……………………... 78-80
Table 5.1 Evidence for research question 1: What do educators know regarding
early fine motor development? ……………………………………………….. 105
Table 5.2 Evidence for research question 2: How Do educator support children’s
fine motor development? ...…………………………………………………… 111
Table 5.3 Evidence for research question 3: What do educators perceive as their
current needs in relation to supporting early fine motor development? …….... 113
Table 6.1 Completion rates for the selected goal cards from Activity 2 .…….. 127
Table 7.1 FINGA observer rating overview for the individual (Paper Plane) and the
group (Copying-Cards) Tasks ……………...………………………..………… 137
Table 7.2 Descriptive statistics .……………………………………….…..….. 146
Table 7.3 Concurrent associations between study variables …………..……… 146

13

List of Figures
Figure 2.1 Model adopted by Fukkink and Lont (2007) .……………………… 34
Figure 4.1 TERMINOLOGY linked to fine motor skills ..…………………….. 59
Figure 4.2 PRISMA flowchart of studies through the review process ..………. 62
Figure 4.3 Meta-analyses comparing the intervention effects on Fine Motor
outcome (Fine motor, Fine Motor Precision & Fine Motor Integration) ..……... 86
Figure 4.4 Meta-analyses comparing the intervention effects on Visual Motor
outcome (Visual Motor, Visual Motor Skills & Visual Motor Integration) .…... 86
Figure 4.5 Meta-analyses comparing the intervention effects on Manual Dexterity
…………………………………………………………………………………... 86
Figure 4.6 Funnel plot indication publication bias for Visual Motor outcome
(Visual Motor, Visual Motor Skills & Visual Motor Integration) …...………… 87

14

Chapter 1
General introduction
1.1 Overview of research problem
The development of children’s fine motor skills plays an important role
during their day-to-day routines, as well as later school success. The literature has
demonstrated positive relationships between early fine motor skills and other key
aspects of learning (e.g., executive functioning, gross motor skills) and primary
school achievements (Cameron et al., 2012; Son & Meisels, 2006). Unfortunately,
there is high prevalence of preschool children, who are at risk or delayed in their
fine motor development (Goyen & Lui, 2002). However, due to certain cultural
influences on fine motor development, frequent and reliable screening is needed
to better understand children’s fine motor acquisition.
Various interventions have sought to address these developmental delays
with promising results, indicating that the best way to support children’s fine
motor skill development may be through the practice of fine and gross motor skill
activities. Such findings suggest that early childhood education and care contexts,
where the majority of Australian children spend a significant amount of time
between 3 and 5 years of age, may be a fertile environment in which to address
the high prevalence of fine motor skill delay. Yet, more research is required to
explore how to best support these environments and its educators in an acceptable
and sustainable manner.
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1.2 Aim
This Doctorate thesis focuses on fine motor skill development within the
early years, especially understanding fine motor progression and approaches to
support children’s development. The research consist of five specific aims:
1. To examine the prevalence and impact factors of fine motor skill delay
among Australian preschoolers.
2. To systematically review the methodology and effectiveness of motor skill
intervention programs on young children’s fine motor development.
3. To examine what Australian early childhood educators need to improve
their own supportive strategies and impact children’s early fine motor
development, as well as exploring their current practices and knowledge
around early fine motor development.
4. To develop a novel observational assessment tool to measure fine motor
skill development in 3- to 5-year old children.
5. To examine the construct validity, internal consistency, concurrent validity
and developmental sensitivity of this new fine motor assessment.

1.3 Research Questions
The Doctorate research examined the following questions:
1. What proportion of Australian children aged 3 to 5 years have difficulties
with their fine motor skills while attending childcare services?
2. What developmental and environmental factors are associated with and
predict fine motor skill delay for Australian preschoolers?
3. What is the stimuli within motor skill intervention programs that causes
effective improvement of young children’s fine motor skill development?
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4. What is the currently knowledge of early childhood educators regarding
early fine motor development?
5. How do early childhood educators currently support children’s fine motor
development?
6. What are the essential elements for a fine motor formative assessment tool
and its accompanying fine motor activities?
7. Are the ecological activities designed for the new observational
assessment developmental sensitive and acceptable to use within the tool?
8. Is the novel fine motor assessment a viable tool to use with children aged
3 to 5 years?

1.4 Overview of the Thesis
Fine motor skills are likely to be intimately linked to other aspects of
children’s cognitive and behavioral development, their creative pursuits, and also,
particularly in the early years, their independence. To date, several fine motor
skill programs have been evaluated and shown to be an effective approach in
enhancing young children’s fine motor skill acquisition. Unfortunately, such
programs have certain limitations (e.g. costs, sustainability and generalisability),
and therefore a different approach to impact children’s development is warranted.
First, to build upon and fill the gaps of the current literature, the present research
explored: (1) the current characteristics and predictors of fine motor skills in
Australian preschoolers; (2) empirical evidence on the efficacy of existing
programs when applied in an intentional rather than incidental manner; (3) the
current knowledge, practices and expectations of practitioners on fine motor
development in preschoolers. Second, the thesis developed and validated a new
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observational fine motor assessment tool, Fine Motor Growth Assessment
(FINGA), to measure fine motor skills in 3- to 5-year old children. This research
followed the concepts of the MODEL (Monitoring and Observation for
Development and Early Learning) research project within Early Start, which
focuses on the development of valid and reliable assessment tools for monitoring
and intentional developmental assessment for children, which can be used by
practitioners (e.g., educators).

1.5 List of Definitions
•

Assessment: In education, assessment intent to capture a meaningful
overview of the ways young children act, think and learn. It involves
documentation, analysing and reflecting on the assessed data, and utilizing
the information to plan and assist future learning and development.
(Dunphy, 2010)

•

Executive functioning: A multi-component cognitive construct involving
planning and coordinating correct responses, including attentional shifting,
working memory, cognitive flexibility and control inhibitory components.
(Cameron et al., 2012)

•

Fine motor skills: Skills involving smaller muscles movement to hold and
manipulate small objects with the use of hands and fingers, which require
eye-hand coordination. (Luo, Jose, Huntsinger, & Pigott, 2007)

•

Gross motor Skills: Skills involving effective use of large muscles groups
to coordinate body movement and perform activities such as walking,
running, throwing, balancing etc. (Matheis & Estabillo, 2018)
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•

Manual dexterity: Skills involving upper limb coordination and
manipulation of objects in a timely manner. (Wang et al., 2011)

•

Practitioners: Person practicing a skilled profession which requires a
special education or license. Within education this includes teachers who
are engaged in activities related to the professional practices, often across
disciplinary domains.

•

Preschoolers: Children aged between 3 and 5 years.

•

Visual motor skills: Skills involving the integration of a visual image with
the correct motor response. (Dankert, Davies, & Gavin, 2003)

•

Young children: Children aged between 1 and 5 years.
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Chapter 2
Selected review of the literature
2.1 Introduction
Fine motor skills are fundamental for many daily life activities in early
childhood, such as eating, drawing and playing. They are also essential for
successful transition to formal schooling. There are now well established
associations in young children between fine motor skill acquisition and a range of
other important features of their development, such as: gross motor skill
development (Cameron et al., 2012; Oberer, Gashaj, & Roebers, 2017;
Wassenberg et al., 2005); various aspects of educational attainment (Cameron et
al., 2012; Dinehart & Manfra, 2013; Luo et al., 2007; Oberer et al., 2017;
Pitchford, Papini, Outhwaite, & Gulliford, 2016); and important cognitivebehavioral indices such as response inhibition (Livesey, Keen, Rouse, & White,
2006). Furthermore, the correlates of poor fine motor skill development include
lower maternal age and education, and lower family socio-economic group status
(Comuk-Balci, Bayoglu, Tekindal, Kerem-Gunel, & Anlar, 2016). Conversely,
more advanced fine motor skills in preschoolers have been shown to predict
higher reading and mathematics levels in the initial years of primary school
(Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010; Son & Meisels, 2006).
Therefore, understanding children’s fine motor skill acquisition and supporting its
development in the early years is likely to be an important aspect of their
preparedness for future learning and school achievement. Despite the apparent
importance of fine motor skill acquisition in early childhood, the current literature
indicates that a relatively high proportion of young children are delayed or at risk
of fine motor skills delay (Bello, Quartey, & Appiah, 2013; Handel, Lozoff,
20

Breiilh, & Harlow, 2007; Heo, Squires, & Yovanoff, 2008; Troude, Squires,
L'Helias, Bouyer, & de La Rochebrochard, 2011).
Although fine motor skill development is clearly related to other important
aspects of children’s learning and development, there is a tendency to examine
fine motor skill acquisition in a relatively isolated manner. Hence, additional
research is needed to support current understanding of fine motor skill
development and construct methods to positively effect young children’s fine
motor skill acquisition. A promising area for investigation is the influence of
Early Childhood Education and Care (ECEC) settings on fine motor skill
development. By supporting educator’s competence (e.g. attitudes, knowledge
and skills) and practice (Fukkink & Lont, 2007), it is likely, based on current
evidence, that children’s fine motor development can be enhanced and the
prevalence of delay significantly impacted. An ongoing method to assists
educator’s competence and practice is by collecting children’s developmental
information (via formative assessment), which is likely to increase opportunities
for children’s future learning and development (Blandford & Knowles, 2012;
Dunphy, 2010; Flottman, Stewart, & Tayler, 2011).

2.2 Understanding Fine Motor Skill Acquisition
Fine motor skills involve smaller muscle movements to hold and manipulate
small objects with the use of hands and fingers, which typically also require eyehand coordination (Luo et al., 2007). In the extant literature, several terms are
closely linked with fine motor skills, including: visual motor skills, visual motor
integration, manual dexterity, perceptual motor skills, and graphomotor skills.
Broadly speaking, minor functional discrepancies can be made between these
different terms. For example, visual motor skills (including visual motor
21

integration) require the ability to respond to a visual impulse with the correct fine
motor action (Dankert et al., 2003), whereas manual dexterity involves the
coordination and manipulation of objects in a timely manner (Wang et al., 2011).
Despite these important functional differences in defining specific fine motor
behaviors and their incentives, these distinctions have generally been important
for the close examination of such specific skill development. At this time,
however, there is not a clear basis in the literature to focus exclusively on a
narrow range of fine motor skills or a specific fine motor skill function and,
therefore, the current thesis employs a broad definition of fine motor skill
acquisition that incorporates these existing specific definitions.
Due to the broad view and overlapping definitions of fine motor skills, there is
currently insufficient evidence to provide a precise description of typical
progression in fine motor skill acquisition during early childhood. Despite various
widely accepted assessments of young children’s fine motor skill development
(e.g., The Bruininks-Oserestky Test of Motor Proficiency, Peabody
Developmental Motor Scales, the Ages and Stages Questionnaire), there appears
to be no strict hierarchical progress in the developmental sequence observed in
children’s fine motor skill abilities. Based on the extant literature, as children
progress from infancy to early childhood, they are more able to engage in more
complex movement tasks, such as folding paper, cutting with scissors and holding
and using a pen (Gerber, Wilks, & Erdie-Lalela, 2010). When children are young,
typically during the infancy period, their fine motor skill include larger, more
robust movements, such as reaching and grasping bigger objects (Cools, De
Martelear, Samaey, & Andries, 2009; Gerber et al., 2010). Although there is a
clear progression between this early phase and children’s later skills, needed for
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increased independence and formal schooling, there are nonetheless remarkable
individual differences in development. What can be said with confidence is that
children’s fine motor movements develop towards finer and more sustained fine
motor activity.
The central importance of fine motor skill acquisition for child development
is widely recognized in several key educational documents specific to the early
years. The Early Years Learning Framework for Australia (2009) and Head Start
Early Learning Outcomes Framework: Ages Birth to Five (2015) both clearly
identify fine motor skills as the foundation for children’s independence and selfawareness. They also assert that through the combination of fine motor and social
experiences, children are able to learn about themselves and the causality of their
actions, which assists them to create their own identity (DEEWR, 2009).
Moreover, children’s consciousness about their identity is thought to support their
self-confidence and school readiness (Office of Head Start, 2015). Whilst these
strongly held beliefs about fine motor skill development are hard to substantiate
directly, there is a growing research literature linking poor fine motor skill
development to a rage of poor academic outcomes and difficulties with school
readiness. The following section, therefore, explores associations between fine
motor skill development and other important aspects of children’s learning and
development.

2.3 Relations between Fine Motor and Other Key Aspects of Development
It is broadly assumed that fine motor skill development is a key feature of
school readiness. In support of this assumption there is a growing literature that
documents associations between fine motor skill acquisition and a range of other
learning and developmental domains such as children’s school attainment
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(Cameron et al., 2012; Dinehart & Manfra, 2013; Grissmer et al., 2010; Luo et al.,
2007; Pitchford et al., 2016; Roebers et al., 2014; Son & Meisels, 2006) and
aspects of their executive control and attention (i.e. executive functions) (Cameron
et al., 2012; Oberer et al., 2017; Roebers et al., 2014; Wassenberg et al., 2005). In
this section, a brief summary of the empirical findings linking fine motor skill
acquisition to these other important features of young children’s development is
provided.
There are a number of studies that have examined longitudinal relations
between individual differences in children’s motor skill development (fine and
gross) and school-based assessments of their achievement during the preschool
and early years of formal schooling (Cameron et al., 2012; Dinehart & Manfra,
2013; Grissmer et al., 2010; Luo et al., 2007; Pitchford et al., 2016; Roebers et al.,
2014; Son & Meisels, 2006). These studies have shown that children with good
fine motor skills at an early age are more likely to have higher academic reading
skills (Cameron et al., 2012; Dinehart & Manfra, 2013; Son & Meisels, 2006) and
mathematical skills (Dinehart & Manfra, 2013; Luo et al., 2007; Pitchford et al.,
2016; Son & Meisels, 2006). Furthermore, a study by Son and Meisels (2006),
showed that correlations between fine motor skills and children’s later
mathematical achievement were even stronger than associations between fine
motor skills and reading. This study also provided evidence that the longitudinal
influence of earlier fine motor skill development (Fall/Autumn) on children’s later
academic achievement (Spring) was evident even when important control
variables were accounted for (e.g. Fall/Autumn academic achievement and SES).
While findings such as those presented by Son and Meisels (2006) provide
strong evidence that fine motor skills are having a distinctive longitudinal
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influence on children’s academic achievement, there are nonetheless more
focused investigations on specific components of fine motor skill development
which suggest that specific aspects of children’s early fine motor activity are more
important for academic outcomes than others. For instance, fine motor integration
(e.g., reproduce drawings of various geometric shapes) and fine motor writing
(e.g., imitating strokes, copying letters and shapes and drawing basic objects)
have a clearer impact on later school achievements compared to fine motor
precision (e.g., drawing, folding and cutting within specified boundaries) and fine
motor manipulation (e.g., folding, building towers and weaving string) (Dinehart
& Manfra, 2013; Pitchford et al., 2016). In thinking about how best to support
children’s fine motor skill development, therefore, such considerations need to be
taken into account.
In addition to relations with traditional academic outcomes, there are
various studies that have examined associations between motor skills (fine and
gross) and children’s executive functions. These studies have revealed positive
correlations between fine motor skills and specific areas of executive function,
such as: attention; working memory; verbal working memory; and response
inhibition (Cameron et al., 2012; Grissmer et al., 2010; Livesey et al., 2006;
Oberer et al., 2017; Wassenberg et al., 2005). While the majority of correlations
documented between fine motor skills and executive functions have been stronger
that those between gross motor skills and executive function (Cameron et al.,
2012; Grissmer et al., 2010), there is recent evidence that indicates the reverse
pattern (Oberer et al., 2017). It is thought that the discrepancy of these findings is
likely caused by the use of different assessment tools within the studies (Oberer et
al., 2017).
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The robust association between fine motor skills and executive functions is
important for a number of reasons. In particular, research by Roebers et al. (2014)
with older children (5 to 7 years of age) showed that executive functions act as a
mediator of the observed relations between fine motor skills (6 years) and later
academic outcomes (7 years). Conversely, the findings of Cameron et al. (2012)
showed that fine motor skills and executive functions at 3 years of age contributed
independently to children’s school achievements and their improvement of
academic outcomes (4 years). At present, these two possible interpretations
cannot be disentangled, and they do not address other possible causal relations
between these domains, such as the possible influence of fine motor skill activity
on the development of executive functions. Ultimately, if interventions are to be
effective, these mechanisms will need to be investigated further and, in the
interim, it is clear that fine motor skills and executive functions development
should be measured simultaneously in future research.
In sum, despite the existence of clear associations between fine motor skill
acquisition and other domains of children’s learning and development, relatively
little is known about the underlaying mechanisms that explain these links.
Nevertheless, these robust associations mean that children are experiencing
profound fine motor skill difficulties deserve close attention. The next section,
therefore, explores the prevalence and potential risk factors of fine motor skill
delay in early childhood.

2.4 Fine Motor Skill Development in the Early Years
Despite the fact that the importance of fine motor skill development is
widely accepted in early years education and pediatric contexts, there is
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international evidence showing that many young children are struggling to
perform routine fine motor skill tasks at an appropriate age (Bello et al., 2013;
Goyen & Lui, 2002; Handel et al., 2007; Heo et al., 2008; Troude et al., 2011).
This section will examine the incidence of fine motor skill delay, as defined on
validated instruments, and associations between such delays and other factors.
Several clinical and community-based studies have examined fine motor
development by reporting the prevalence of fine motor skill delay in normative
samples. For example, Troude et al. (2011) followed a sample of typically
developing French children between 1 and 3 years of age and found fine motor
skill delay in 5.2% of the sample at 1 year. By 3 years of age, the percentage of
children with fine motor skill delay more than doubled (11.7%) and was higher
than all other areas of developmental delay, including problems with
communication, gross motor, problem solving and personal/social (Troude et al.,
2011). In Ecuador, approximately one fifth of children aged 3-61 months showed
fine motor skill delay (Handel et al., 2007) and in Ghana, 9.7% of children
showed fine motor skill delay, with an additional 13.0% at risk of developing fine
motor delay (Bello et al., 2013). Goyen and Lui (2002) followed a smaller sample
of Australian typically, but high risk (i.e. born <29 weeks or <1000g birth
weight), infants for 5 years and at 18 months approximately half of children had
an indication of fine motor skill deficit, from which 14% showed significant
problems. At 5 years of age, almost two thirds of the children experienced some
fine motor skill difficulties, and 24% were classified as significant deficits.
Although international evidence suggests high prevalence of fine motor skill
delay, there are nonetheless discrepancies between cultures and countries that
have been the object of systematic evaluation (Heo et al., 2008; Luo et al., 2007).
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For example, Luo et al. (2007), who used the same large data set as Son and
Meisels (2006), showed that East Asian American children have better fine motor
skills compared with European American children; the differences between these
ethnic/cultural groups within the US highlighting potential influences of cultural
practices on fine motor skill development. Further, in a direct comparison of fine
motor skill delay among Korean and US children, Heo et al. (2008) found that
whereas US children were less likely to be delayed between four and 27 months,
the pattern had reversed by the age of 48 to 60 months. Together, such findings
point to cultural differences in child development practices that are likely to be
linked to the diversity of life experiences children are exposed to in their day-today activities, as well as the expectations of caregivers and communities (Heo et
al., 2008; Luo et al., 2007; Office of Head Start, 2015).
In addition to cultural influence on fine motor skill development, there is
accumulating evidence that both gender (Comuk-Balci et al., 2016; Dinehart &
Manfra, 2013) and social demographic factors (Comuk-Balci et al., 2016) are
associated with fine motor skill development. For example, Comuk-Balci et al.
(2016) examined the influences of family factors on fine motor skill development
and showed that: (a) children of older mothers were more likely to develop fine
motor skills earlier; (b) children of mothers with higher levels of educations had
stronger fine motor skills; and (c) poor fine motor skill development was more
common amongst children from low socioeconomic backgrounds. However, not
all studies have found associations between fine motor skill development and
social demographics factors (Bello et al., 2013; Oberer et al., 2017; Pitchford et
al., 2016). It is also observed that girls have earlier appearing and stronger fine
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motor skill development compared with boys (Comuk-Balci et al., 2016; Dinehart
& Manfra, 2013).
When viewed together, these findings on cultural, social-demographic
factors and gender differences strongly point to the importance of children’s dayto-day interactions and socialization experiences for fine motor skill development.
Admittedly, gender effects could be related to biological sex, but there is as yet no
solid basis to claim that differences in fine motor skill acquisition can be
explained by sex, although this remains a possibility. Thus, while poor fine motor
skill acquisition is likely to be connected with poor educational attainment,
children’s everyday activities are likely to be an important foundation for their
fine motor skill development, and these are likely to be heavily influenced by
their socialization and social demographic factors. Therefore, screening fine
motor skill development at a young age may be a valuable tool to help recognize
developmental delay and design adequate programs for children’s further
development, but it will not in and of itself present an obvious solution. In
thinking about how to address fine motor skill delay, therefore, it is important to
examine whether there are effective interventions and how they might be
implemented to effectively reach those children most at risk of delay. These
questions are addressed in section 2.5.

2.5 Approaches that Foster Fine Motor Development
Early childhood education and care may be an appropriate setting to tackle
delay of fine motor skill development at an early age, due to the amount of
children attending and the time spent at preschool. In Australia, approximately
nine out of ten children attend childcare the year before formal schooling (AIHW,
2020). In Head Start classrooms within the United States, 4-year-olds spent
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approximately 37% of their time performing fine motor activities and in
kindergarten this increased to 46%. The fine motor activities within these Head
Start classrooms were mainly (35% out of 37%) devoted to non-academic content,
including finger play, art activities, eating, manipulative play (e.g. playdough),
play in centres (e.g. block play), hygiene task and putting on and taking of coats
(Marr, Cermak, Cohn, & Henderson, 2003). Despite more than one third of time
in an educational setting being devoted to fine motor activities, there is still large
proportion of the children exhibiting fine motor skill deficits and these need to be
addressed appropriately.
While intervention effects on gross motor skills have been closely
investigated (Van Capelle, Broderick, van Doorn, R, & Parmenter, 2017;
Veldman, Jones, & Okely, 2016; Wick et al., 2017), less attention has been given
to the effectiveness of interventions on fine motor development. Studies have
assessed occupation therapy models as intervention approaches to examine the
effects on fine motor development in young children (Bayona, McDougall,
Tucker, Nichols, & Mandich, 2006; Case-Smith, 2000; Dankert et al., 2003;
Golos, Sarid, Weill, & Weintraub, 2013; Ohl et al., 2013; Ratzon, Lahav, et al.,
2009; Ratzon, Zabaneh-Tannas, Ben-Hamo, & Bart, 2009). Often these models
include indirect (e.g. consultancy with parents/educators) and direct services (e.g.
group and/or individual fine or gross motor activities). Several studies have
implemented a combination of gross and fine motor skill activities to investigate
intervention effects on fine motor development of young children (Erasmus, van
Rensburg, Pienaar, & Ellis, 2015; Hamilton & Liu, 2017; Lust & Donica, 2011;
McCormick & Schnobrich, 1971; Piek et al., 2013; Pienaar, Van Rensburg, &
Smit, 2011; Ulutas & Aksoy, 2016). Only a small number of studies have
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examined the intervention effects of programs that purely focus on fine motor
activities (Lahav, Apter, & Ratzon, 2008; Lin, Cherng, & Chen, 2017; Ratzon,
Efraim, & Bart, 2007; Tzuriel & Eiboshitz, 1992). The results of the fine motor
skill interventions are promising and, therefore, detailed exploration of these
interventions may contribute to the understanding of methods and underlaying
mechanisms to provoke change in children’s fine motor skill acquisition. The
following section provides a deeper overview of these specific fine motor
intervention studies.
Starting in the early 90s, Tzuriel and Eiboshitz (1992) spent 30 minutes,
twice a week for 5 months undertaking copying and drawing activities with 5year-olds. Thirty preschool children participated in the Structured Program of
Visual-Motor Integration (SP-VMI) and another thirty children shadowed as
control group (e.g. twice 30 minutes free play activities per week). The SP-VMI
was developed based on three theories: (1) theories that emphasize visual-motor
development, (2) theories that stress the need for visual-motor mastery as a basic
preschool skill and (3) the mediated learning experience theory. In addition, the
elements required for the intervention were: physical condition, mode of
operation (i.e. emphasize modelling) and availability of material for performance.
The program showed positive effects on visual-motor integration for the children
from low-SES families and children with special needs (Tzuriel & Eiboshitz,
1992).
In 2007, Ratzon et al. (2007) designed a short-term intervention
implemented (for 45 minutes a week) and the intervention comprised playful finemotor activities and pencil-and-paper activities and had a positive effect. After 12
weeks, the intervention group had increased on fine and visual motor
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development compared with the control group. This intervention was based on
prior research and two theories: (a) motor learning theories (i.e. the practiced
tasks should be as similar as possible to the required assignment) and (b)
multisensory theory (Ratzon et al., 2007). On the basis of this approach, Lahav et
al. (2008) developed the Directive Visual Motor Intervention (DVMI) (e.g., 45
minutes a week of fine motor activities, paper work and patterns use) and
compared this with a new approach, Nondirective Supportive Intervention
(NDSI), and control group. The NDSI was designed in contrast to the DVMI and
therefore did not incorporate any specific fine motor activities. The NDSI was a
game based (e.g., mind, social, memory, card and board games) intervention to
improve children’s goal-directed activities and behaviors. The NDSI was found to
be most effective in increasing first graders visual motor integration outcomes
within 12 weeks (Lahav et al., 2008).
More recently, Lin et al. (2017) compared the effects of a touch-screen
based intervention (e.g., 20 minutes per day of iPad apps) with an age-appropriate
fine motor activities (non-touch-screen) intervention (e.g., 20 minutes a day of
typical fine motor tasks). After the 24-week intervention period the non-touchscreen children increased their fine motor skills, whereas the touch-screen
children experienced a decrease in fine motor abilities (Lin et al., 2017). The
assessment protocol may have contributed to these results, since the non-touchscreen activities were closely linked with the assessment tasks, while the touchscreen activities were not. More specific, they measured children’s fine motor
skill development with The Bruininks-Oserestky Test of Motor Proficiency
assessment, an engaging and goal-directed tool to measure a wide array of motor
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skills in the individual, which included pencil, paper and object manipulation
tasks (Lin et al., 2017).
Thus, the literature suggests, in so far as there is evidence, that children’s
fine motor skill development is fostered through their everyday activities that are
meaningful and realistic. While many of the programs were shown to be
successful, there were limitations to the implementation feasibility of such
programs. Many of the programs were time consuming (30-60 minutes) and highcost, which may question the program sustainability after sufficient support by
professionals. Within the literature there are two intervention studies that
collected fine motor follow-up data to evaluate the effects after the intervention
period. While these programs did not only focus on the incorporation of fine
motor activities, their follow up data verified the questionability of the
sustainability of such programs on children’s fine motor skills. The first study by
Piek et al. (2013) showed an increase of fine motor skill from post to follow-up (6
months), however the control group increased comparably. Secondly, follow-up
data by Ulutas and Aksoy (2016) indicated a fade out effect of the intervention
after three weeks. For that reason, it is important for future research to examine
additional methods to indirectly enhance children’s fine motor development in a
sufficient and sustainable manner.

2.6 Educator Support and Child Outcomes
As previously suggested, development of fine motor skill acquisition seems
feasible by practice of day-to-day experiences that include fine motor related
movements. The ECEC setting is an environment where practitioners (e.g.,
educators) have the opportunity to make these experiences meaningful and
inviting for children (DEEWR, 2009). The National Institute Child Health and
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Human Development (NICHD, 2002 May) presents a model (i.e., “structure →
process → outcomes”) highlighting the importance of educator training to impact
their practices, and therefore, enhancing child outcomes. While their child
outcomes focused on children’s cognitive abilities, a similar approach is expected
to be feasible for other areas of children’s development. More recently, a review
by Fukkink and Lont (2007) on professional development training for educators
also suggests a positive relationship between structural quality (e.g. educator
qualifications), process quality (e.g. positive educator-child interactions) and child
outcomes. The authors adopted the model of the NICHD, see Figure 2.1.
Although training programs were shown to be effective and impacted educator
competences (i.e., attitude, skill and knowledge), child related outcomes were
positive yet not significant (Fukkink & Lont, 2007). So, further investigation is
needed to examine methods to optimize the child-level outcomes, while still
impacting structural and process quality within early childcare.

Figure 2.1 Model adopted by Fukkink and Lont (2007)

2.7 Fine Motor Assessment
Assessment of children’s development contributes directly to process
quality by enabling educators to tailor practices to individual needs (Barnes, 2012;
Blandford & Knowles, 2012; Dunphy, 2010). It is important to gather adequate
information on children’s skill and capability levels at an early stage of life to
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structure suitable practices. However, assessment of young children’s
development can be challenging.
To date, within research, a broad range of measurement tools are used to
assess children’s fine motor skills. There are two main approaches to measure
children’s fine motor development: performance-based assessments and
informant-based questionnaires (Matheis & Estabillo, 2018). Performance-based
fine motor assessments usually involve structured activities where children
perform various fine motor tasks. The activities often incorporate several fine
motor components, such as visual motor (e.g. drawing to copy an image), manual
dexterity (e.g. threading beads) and motor coordination skills (e.g. bouncing a
ball). Performance-based assessments, such as the Peabody Developmental Motor
Scales (Folio & Fewell, 2000), are typically administered by trained examiners,
often limiting accessibility of these tools to a limited array of trained professionals
(e.g., researchers, occupational therapists). Informant-based assessments collect
researcher-, parent- or educator-reported ratings of children’s fine motor skills.
This approach is often used in large-scale research due to its time- and costeffectiveness, such as the Ages and Stages Questionnaire (Singh, Yeh, & Boone
Blanchard, 2017). Yet, they are less feasible when used to form or evaluate
interventions and less informative when used for the planning of practices to those
who spend most time with young children. Further, there are suggestions of biases
in their results, given respondents (e.g. parents, educators) differ in their
developmental understanding to accurately situate a child’s fine motor ability
along a continuum of development. Despite these limitations, there remains no
validated assessments that focus on use of those who work with young children
directly, while fostering greater understanding of fine motor development and
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associated practices amongst those with an opportunity to effect change in
children’s trajectories and outcomes.
Due to the lack of accessible fine motor assessments designed for educators,
it might be beneficial for educators and parents to have access to formative
assessment strategies. This can be in particular important to improve their
understanding of children’s developmental progression and educational
requirements, which practitioners can use to offer children differential learning
experiences.

2.8 Assessment strategies
While assessment is valuable to collect evidence on children’s learning and
development, it is also necessary to accurately create future programs and
interventions to increase children’s learning and development. As described by
Flottman et al. (2011), assessment practice in the early years can be divided into
three subclasses: assessment of learning, assessment as learning and assessment
for learning. Assessment of learning is a summative assessment that evaluates
children’s performance at a specific point in time. This common form of
assessment is often applied in large-scale programs by using standardized
assessment tools to evaluate learning and development in a population of children.
Assessment as learning indicates that children are involved in the process of
assessment and learning. In this process children are able to supervise their own
learning and development. Assessment for learning, also referred to as formative
assessment, illustrates a continuum of learning by collecting and analyzing
children’s developmental information (Flottman et al., 2011). Collecting
developmental information as an ongoing method assists to increase opportunities
for children’s future learning, but educators need a progressive framework in
36

which to do such assessment, and they need to be able to link it with appropriate
practices. Barnes (2012) adds two important constructive qualities to this method
of assessment; (1) children do not need to be removed from the groups when
assessing the child, and (2) the assessor performs with knowledge obtained from
the assessment. By completing the entire assessment for learning process,
practitioners are challenged to construct evidence to efficiently design and
improve pedagogical practices for children’s learning (Blandford & Knowles,
2012; Dunphy, 2010).
Despite the compelling advantages of formative assessment for early
learning, insufficient evidence-based formative assessment tools exist and are
currently being used successfully in ECEC. It is acknowledged that formative
assessment can bring certain challenges, such as; professional knowledge on early
development and learning of practitioners, time manageability and the ethical
considerations (e.g. meaningful and sensitive) of the assessment (Dunphy, 2010).
These challenges could reflect why many practitioners decide to avoid the use of
formative assessments. Notwithstanding these challenges, formative assessment
can play a powerful role in informing pedagogical choices and practices
(Blandford & Knowles, 2012; Dunphy, 2010; Flottman et al., 2011), and there is
need for additional time effective and valid formative assessment tools that can be
used by practitioners.
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Foreword to Chapter 3
Due to the importance of fine motor skills and its links with other aspects of
children’s learning and development, it is essential to adequately support
children’s fine motor skills at an early age. Literature represented in Chapter 2
indicated a large proportion of children with fine motor deficits worldwide.
Identifying children with fine motor delay at an early age is crucial. This is
necessary to provide children with adequate support and enhance their
developmental skills, which can lead to and increase chance for later school
success. It is also important to better understand the contributing aspects of the
child and its environment, which increase the probabilities of falling behind on
their fine motor skills. As such, more research in this area is needed to better
understand children’s early fine motor skills, especially across various regions
and cultures over the world.
To date, there is limited research on the prevalence of fine motor delay
within vulnerable communities in Australia and the impact factors of fine motor
problems. Therefore, the aim of the first study was to investigate the prevalence
and risk factors of preschoolers fine motor delay within vulnerable Australian
communities. Moreover, Study 1 set out to examine the prevalence of early fine
motor delay in preschoolers from low-income communities and identify the
associations between fine motor delay and socio-demographic factors, other
aspects of learning and environmental factors.
The following chapter presents the published work (excluding abstract and
reference list) as it appears in Journal of Paediatrics and Child Health
(Strooband, de Rosnay, & Okely, 2020).
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Chapter 3
Prevalence and risk factors of preschoolers’ fine motor
delay within vulnerable Australian communities
3.1 Introduction
Fine motor skills involve holding and manipulating objects with the use of
small hand muscles and more complex movements that invoke hand-eye
coordination, which is essential in generating cohesion between finger, hand and
wrist movements (Luo et al., 2007). These skills have been linked to other key
aspects of learning and development (Cameron et al., 2012; Dinehart & Manfra,
2013; Oberer et al., 2017; Pitchford et al., 2016), including: gross motor skills
(Cameron et al., 2012; Oberer et al., 2017; Wassenberg et al., 2005), executive
functions (Cameron et al., 2012; Livesey et al., 2006; Oberer et al., 2017; Roebers
et al., 2014; Wassenberg et al., 2005), and school achievement (Cameron et al.,
2012; Dinehart & Manfra, 2013; Grissmer et al., 2010; Luo et al., 2007; Pitchford
et al., 2016; Roebers et al., 2014; Son & Meisels, 2006).
Despite wide spread acceptance of the importance of fine motor
development in early years education and pediatric contexts (DEEWR, 2009;
Office of Head Start, 2015), international research shows that many young
children struggle to perform routine fine motor tasks at appropriate ages (Bello et
al., 2013; Goyen & Lui, 2002; Handel et al., 2007; Troude et al., 2011).
Therefore, screening or monitoring fine motor development at a young age may
be valuable to identify developmental delay and inform the design of intervention
programs. While prevalence data on fine motor skill delay in typical healthy
children is limited, a few studies have such delays at an early age. For example, in
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a longitudinal study of 229 typically developing French children, Troude and
colleagues (2011) found fine motor delay in 5.2% at 1 year. By 3 years, the
percentage more than doubled (11.7%), and was higher than all other areas of
developmental delay (Troude et al., 2011). In an Ecuadorian sample (n=283),
approximately one fifth of children between 3-61 months showed fine motor
delay (Handel et al., 2007), and, in a Ghanaian sample (n=330), 9.7% of children
between 1-51 months showed fine motor delay, with an additional 13.0% at risk
of developing fine motor delay (Bello et al., 2013).
In additional to these preliminary findings, which indicate relatively high
prevalence of fine motor delay in diverse contexts, there is emerging evidence that
fine motor delay may be related to male gender, social and environmental factors
(e.g., lower maternal age and education), and lower family socio-economic group
status (Comuk-Balci et al., 2016; Dinehart & Manfra, 2013). It is important to
note, however, that there is some inconsistency in the extant literature (Bello et
al., 2013; Oberer et al., 2017; Pitchford et al., 2016). To make sense of these
inconsistencies, it is noteworthy that the relatively high prevalence of fine motor
delay coupled with socio-demographic risk factors could mean that certain groups
of children might be at a disproportionately heightened risk of being delayed in
their fine motor development. For example, risk associated with male gender
might only be evident in the presence of lower maternal education or low SES
group status. Currently, there is little data which speaks to this possibility and
examines relations with other domains of children’s functioning.
Given the scarcity of data on the prevalence and risk factors of fine motor
delay among children from vulnerable low-income communities, and the
importance of these abilities for a range of developmental and educational
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outcomes, further research is needed. Children from regional and remote
communities, for example, are often more likely to experience health and
developmental problems due to compounding factors. For instance, a lack of
appropriate and affordable support services (e.g. childcare, pediatric services),
isolation, and lower socioeconomic status contribute to higher risks for children’s
development delay (Arefadib & Moore, 2017). Few studies have investigated fine
motor development delay in such high-risk communities, in combination with the
risk factors and associations with other aspects of early learning, development and
wellbeing. Therefore, this study aims to: (a) indicate the prevalence of fine motor
delay in preschool children from low-income communities in Australia, (b)
examine the relationships between fine motor delay, gross motor delay and selfregulation (e.g. executive function and social behavior), and (c) investigate the
associations of family characteristics with fine motor delay within these
communities.

3.2 Methods
The Early Start Baseline Study collected data from pre-school-aged
children, parents and Directors in 35 Early Childhood Education and Care
services across New South Wales and Australian Capital Territory, Australia.
Services were located in low-income communities and included a high proportion
of Australian Indigenous children. Services were selected using recognized
indices for socioeconomic disadvantage and early development. All children that
were aged 3 to 5 years during the data collection period were invited to
participate. Prior to data collection, data collectors attended an intensive training,
which focused on measurement, protocol and communication strategies to work
effectively and respectfully with children and carers in vulnerable communities.
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Data collectors visited services in pairs between October 2014 and April 2015.
Data collection for each service required approximately one week, depending on
the number of participants.
Before data was collected, all participants and parents/caregivers of
underage participants gave written informed consent, and underage participants
provided assent. Reporting was done following the STROBE Statement (Von Elm
et al., 2008). The University of Wollongong Human Research Ethics Committee
approved all study procedures in July 2014 (HE14/250). Parents/ caregivers of
children and service directors provided written consents to participate prior to
data collection and written informed consents to have their data published.
The Ages and Stages Questionnaire (ASQ), 3rd Edition (Squires & Bricker,
2009), motor skill subtests were used to screen for fine and gross motor delay; the
36-, 42-, 48-, 54- or 60-month ASQ versions were used based on the age of the
child. Trained data collectors administered the ASQ to screen on six items in both
the fine and gross motor development. They scored every item yes (10 points),
sometimes (5 points) or not yet (no points), according to completion of a task. The
sum of the six items provided a final indictor of fine and gross motor development
for each child. With the use of age-specific cut-off points, children were
categorized as follows: developmental delay, at risk for developmental delay or
on track. The ASQ has established inter-rater reliability coefficients of 0.43-0.69
and test-retest reliability coefficients of 0.75-0.82, as well as sensitivity of 82.589.2% and specificity of 77.9-92.1% (Squires, Twombly, Bricker, & Potter,
2009).
The Strength and Difficulties Questionnaire is a brief behavioral screening
tool used with children aged 3-16 years. Educators completed the survey based on
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five aspects of children’s behavior for each child in the service. The five aspects
(emotional symptoms, conduct problems, hyperactivity/inattention, peer
relationship problems and prosocial behavior) question both positive and negative
characteristics of the child’s behavior (Goodman, 1997).
Expressive vocabulary and executive function levels were assessed with
four Early Years Toolbox iPad apps (Howard & Melhuish, 2017). The freely
available iPad-based assessments from the Early Years Toolbox are designed to
assess preschoolers cognitive, self-regulation, language and social development
(http://www.eytoolbox.com.au/).
Parents were given various options to complete a questionnaire; i.e., by
paper, online or over the phone. The questionnaire collected information about
child and parents demographics, and took around 20 minutes to complete. The
current study included only specific questions that were expected to impact fine
motor development based on extant research: sex, date of birth, Aboriginal status,
postcode, parent’s education, and family income.
Descriptive and statistical analyses were completed using SPSS (version
24). Children were grouped based on the fine motor outcomes. The Delayed
group included all children that were classified as delay or at-risk since these
children require further developmental examination or would be targeted during
interventions. The Typical group included all other children. The odds of being in
the Delayed group based on child, family and environmental factors were
individually checked with binary logistic regression models. Odds ratios (OR) and
95% confidence intervals (CI) were calculated. Logistic regression analyses were
adjusted for age, gender, socioeconomic status (SES), vocabulary and/or
executive functioning, as they are known to be strongly associated with fine
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motor development. SES was based on the Index of Relative Social-economic
Advantage and Disadvantage (IRSAD). All statistical analyses were adjusting for
clustering within services and statistical significance was set at p<0.05.

3.3 Results
All children who participated in the fine motor subtest of the ASQ were
included in the study (N=700). The mean age of the children was 54.0 ± 8.6
months, with 53.1% boys. In total, 235 (33.6%) were identified as being
Indigenous. Regarding fine motor development, 542 (77.4%) of children were on
track, 85 (12.1%) were at risk of delay, and 73 (10.4%) were delayed (Table 3.1).
Table 3.1 Distribution of child characteristics and ASQ results
Variables

Full Sample
n=700

Demographic child characteristics
Mean age (n=700)
53.99 ± 8.60
Months (SD)
4.50 ± 0.72
Years (SD)
Age (n=700)
182
3-year-olds
296
4-year-olds
222
5-year-olds
Gender (n=700)
372
Boys
328
Girls
Gross motor development (n=686)
597
Typically
59
At risk
30
Delayed
Indigenous status (n=700)
235
Indigenous
465
Non- Indigenous
Self-Regulation (n=595)
428
Normal
64
Borderline
103
Abnormal
Vocabulary (n=667)
22.66 ± 8.39
Mean score out of 45
Executive Function
1.63 ± 0.90
Working Memory (n=634)
4.28 ± 4.11
Shifting (n=630)
0.55 ± 0.24
Inhibition (n=614)
Note: % are calculated on available arrival data
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Grouped by Fine Motor ASQ results
Typical
At risk
Delay
n=542 (77.43%)
n=85 (12.14%)
n=73 (10.43%)

54.36 ± 8.66
4.54 ± 0.73

51.15 ± 8.14
4.26 ± 0.68

54.58 ± 8.13
4.55 ± 0.68

132 (72.5%)
224 (75.7%)
186 (83.3%)

35 (19.2%)
37 (12.5%)
13 (5.9%)

15 (8.2%)
35 (11.8%)
23 (10.4%)

255 (68.5%)
287 (87.5%)

59 (15.9%)
26 (7.9%)

58 (15.6%)
15 (4.6%)

485 (81.2%)
35 (59.3%)
11 (36.7%)

70 (11.7%)
9 (15.3%)
5 (16.7%)

42 (7.0%)
15 (25.4%)
14 (46.7%)

152 (64.7%)
390 (83.9%)

41 (17.4%)
44 (9.5%)

42 (17.9%)
31 (6.7%)

356 (83.2%)
45 (70.3%)
67 (65.0%)

39 (9.1%)
9 (14.1%)
19 (18.4%)

33 (7.7%)
10 (15.6%)
17 (16.5%)

23.85 ± 8.20

19.58 ± 7.27

17.21 ± 8.01

1.75 ± 0.89
4.64 ± 4.20
0.58 ± 0.24

1.19 ± 0.79
3.04 ± 3.65
0.48 ± 0.23

1.24 ± 0.89
3.00 ± 3.29
0.42 ± 0.23

The percentage of parents who completed the parent questionnaire was low
(39%), which resulted in high proportion of missing data on socio-demographic
variables. Of the parents who completed the questionnaire, almost three-quarters
lived with their partner/spouse (73.7%) and two-thirds were employed (67.6%).
Half of the families had an income well below the national average ($AUS
<75.000, 50.8%) and 31.6% had a University or Postgraduate degree (Table 3.2).
Table 3.2. Distribution of Family and Environmental characteristics and ASQ results
Variables

Grouped by Fine Motor ASQ results
Typical
At risk
Delayed
n=542 (77.43%)
n=85 (12.14%)
n=73 (10.43%)

Full Sample
n=700

Demographic parent characteristics
Marital Status (n=274)
202
171 (84.7%)
15 (7.4%)
16 (7.9%)
Live with partner/spouse
42
28 (66.7%)
9 (21.4%)
5 (11.9%)
Single parent
30
26 (66.7%)
2 (6.7%)
2 (6.7%)
Separated/ Divorced/ Widowed
Education Level (n=275)
63
44 (69.8%)
9 (14.3%)
10 (15.9%)
Primary school, year 10 or equivalent
51
40
(78.1%)
5
(9.8%)
6 (11.8%)
Year 12 or equivalent
74
61 (82.4%)
6 (8.1%)
7 (9.5%)
Trade/apprenticeship/diploma
87
80 (92.0%)
6 (6.9%)
1 (1.1%)
University / Post-Graduate degree
Employment Status (n=275)
Employed
186
159 (85.5%)
16 (8.6%)
11 (5.9%)
Not Employed
89
66 (74.2%)
10 (11.2%)
13 (14.6%)
Family Income (n=258)
$AUS 0-49.999
83
59 (71.1%)
12 (14.5%)
12 (14.5%)
$AUS 50.000-74.999
48
39 (81.3%)
4 (8.3%)
5 (10.4%)
$AUS 75.000-149.999
87
78 (89.7%)
5 (5.7%)
4 (4.6%)
$AUS 150.000 or more
40
36 (90.0%)
2 (5.0%)
2 (5.0%)
Environmental characteristics
IRSAD Category (n=700)
<927
185
136 (73.5%)
21(11.4%)
28 (15.1%)
927 – 965.8
335
259 (77.3%)
42 (12.5%)
34 (10.1%)
965.9 – 1001.8
93
72 (77.4%)
14 (15.1%)
7 (77.5%)
>1001.8
87
75 (86.2%)
8 (9.2%)
4 (4.6%)
HLE-index (n=261)
Mean score out of 56 27.52 ± 10.31
27.40 ± 10.15
26.79 ± 10.29
29.43 ± 12.04
Note: % are calculated on available arrival data; HLE-index includes reading, sport, letter play, ABC, numeracy,
library, songs and paint with children; IRSAD = The Index of Relative Social-economic Advantage and
Disadvantage
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Binary logistic regression analyses showed that having a fine motor delay
was associated with age, gender, gross motor development, Indigenous status,
self-regulation, vocabulary, and executive function (Table 3.3). Older children
had lower odds of being delayed (OR 0.98, 95% CI 0.95 – 1.00) and boys had
higher odds of being delayed compared with girls (OR 3.30, 95% CI 2.22 – 4.90).
Children who experienced gross motor delay (OR 6.64, 95% CI 2.99 – 14.77) or
were at risk of gross motor delay (OR 2.82, 95% CI 1.58 – 5.03) had higher odds
of being delayed. Non-Indigenous children had lower odds of being delayed
compared with Indigenous children (OR 3.31, 95% CI 2.12 – 5.16). Children with
poorer self-regulation and behavioural problems had higher odds of being delayed
(OR 2.17, 95% CI 1.31 – 3.58). Children with better vocabulary (OR 0.92, 95%
CI 0.89 – 0.94) have lower odds to be delayed. Children with higher executive
functions – working memory (OR 0.45, 95% CI 0.35 – 0.58), shifting (OR 0.91,
95% CI 0.87 – 0.96) and inhibition (OR 0.10, 95% CI 0.04 – 0.27) – had lower
odds of being delayed.
After adjusting for children’s age, gender, SES and vocabulary, the logistic
regression analyses showed that children from single parent households (OR 3.10,
95% CI 1.22 – 7.86) had higher odds of being delayed. Children from families
with higher educated parents (OR 0.25, 95% CI 0.08 – 0.74) and higher family
income (OR 0.22, 95% CI 0.05 – 0.90) had lower odds of being delayed (Table
3.4).
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Table 3.3 Child characteristics associated the odds of being delayed or at risk of fine motor delay

Age
Age (categorial)
Gender
Gross motor
Indigenous
Self-regulation

Months

3-year-olds (reference)
4-year-olds
5-year-olds
Girls (ref)
Boys
Typically (ref)
At risk
Delayed
Non- Indigenous (ref)
Indigenous
Normal (ref)
Borderline
Abnormal

Vocabulary
Executive Function

Working Memory
Shifting
Inhibition

Unadjusted OR
(95% CI)
0.978 (0.959 – 0.999)

Adjusted OR
(95% CI)
0.975 (0.954 – 0.996)†

0.849 (0.558 – 1.292)
0.511 (0.315 – 0.828)

0.805 (0.522 – 1.243)†
0.473 (0.288 – 0.777)†

3.212 (2.167 – 4.761)

3.297 (2.219 – 4.900)‡

2.969 (1.699 – 5.191)
7.480 (3.462 – 16.162)

2.821 (1.582 – 5.031)§
6.643 (2.987 – 14.773)§

2.839 (1.973 – 4.087)

3.309 (2.124 – 5.157)¶

2.088 (1.154 – 3.778)
2.657 (1.648 – 4.284)
0.923 (0.902 – 0.946)
0.508 (0.407 – 0.633)
0.902 (0.859 – 0.948)
0.103 (0.045 – 0.239)

1.773 (0.961 – 3.270)§
2.166 (1.311 – 3.578)§
0.918 (0.893 – 0.943)§
0.449 (0.348 – 0.580)§
0.911 (0.865 – 0.960)§
0.104 (0.040 – 0.271)§

†

adjusted for gender
for age (months)
§
adjusted for age and gender
¶ adjusted for age, gender and executive function
‡ adjusted

Table 3.4 Family and environmental characteristics associated the odds of being delayed or at risk of
fine motor delay

Marital Status

Education Level

Employment status

Family income

Live with Partner (reference)
Single parent
Separated, divorced or Widowed
Primary school, year 10 (ref)
Year 12 or equivalent
Trade/apprenticeship/diploma
University Degree or Post-Graduate
Employed (ref)
Not employed
$AUS 0-49.999 (ref)
$AUS 50.000-74.999
$AUS 75.000-149.999
$AUS 150.000 or more
<927 (ref)
927 – 965.8
965.9 – 1001.8
>1001.8

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

2.758 (1.307 – 5.821)
0.849 (0.277 – 2.601)

3.100 (1.223 – 7.858)‡
0.631 (0.169 – 2.349)‡

0.637 (0.270 – 1.501)
0.494 (0.221 – 1.104)
0.203 (0.079 – 0.519)

0.665 (0.236 – 1.869)‡
0.452 (0.174 – 1.172)‡
0.246 (0.081 – 0.742)‡

2.052 (1.098 – 3.837)

1.667 (0.794 – 3.503)‡

0.567 (0.239 – 1.349)
0.284 (0.123 – 0.655)
0.273 (0.088 – 0.851)

0.497 (0.180 – 1.375)‡
0.332 (0.128 – 0.862)‡
0.217 (0.053 – 0.896)‡

0.814 (0.538 – 1.233)
0.783 (0.496 – 1.235)§
0.810 (0.451 – 1.454)
0.885 (0.447 – 1.752)§
0.444 (0.222 – 0.887)
0.618 (0.295 – 1.294)§
HLE-index
HLE†
1.006 (0.976 – 1.038)
1.029 (0.994 – 1.065)‡
† HLE = home learning environment; IRSAD = The Index of Relative Social-economic Advantage and
Disadvantage
‡
adjusted for age (months), gender, SES and vocabulary
§
adjusted for age, gender and vocabulary
IRSAD† Category
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3.4 Discussion
This study investigated the prevalence of fine motor delay in preschool
children from low-income communities in Australia. Nearly one-quarter of the
children scored below the cut-off point of fine motor development at their age and
warranted further assessment (Squires & Bricker, 2009). The current findings are
in line with previous prevalence studies (Bello et al., 2013; Handel et al., 2007;
Troude et al., 2011), which also focused on younger children. In the early years,
the extant literature suggests that fine motor delay increase over time (Goyen &
Lui, 2002; Troude et al., 2011). The current findings revealed that when
examining at risk and delayed children simultaneously, children had lower odds
of delay at an older age. However, closer investigation indicated slightly lower
prevalence of fine motor delay at 3 years compared with 4- and 5-year-olds, while
at risk prevalence of fine motor delay decreased as children aged. The
discrepancy between the current literature and the results of this study might be
caused by the unique sample that participated in the study. The sample was
collected in centres in low-income communities; the older children might have
had more frequent exposure to day-to-day fine motor skill activities compared
with younger children.
In line with the literature, the results showed that boys had higher odds to
develop fine motor skill deficits (Comuk-Balci et al., 2016; Dinehart & Manfra,
2013). The sample included a large proportion of Indigenous children (33.6%)
and the results showed that non-Indigenous children had lower odds of being
delayed than their Indigenous peers. The cultural acceptability of the ASQ-3 has
been questioned with Indigenous children. The ASQ-3 has recently been modified
for ages 2 to 48 months to be more culturally and linguistically appropriate for the
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use in remote Indigenous contexts (e.g. ASQ-trak) (D'Aprano et al., 2016). This
study did not use the ASQ-trak, and, therefore, these results need to be considered
with care. Nevertheless, the results are consistent with previous research
indicating Indigenous children are significantly more likely to experience
vulnerability (e.g. poor health and education outcomes) (Guthridge et al., 2015),
which might be due to more limited educational opportunities and quality, and the
lack of culturally appropriate health and development support services for
Indigenous children and families (Arefadib & Moore, 2017). While there appears
to be a movement towards more cultural appropriate curriculum for Indigenous
children within the early childhood education, uptake and implementation has not
yet been evaluated.
Children with gross motor problems also had higher odds to also have fine
motor problems, which highlights the strong association between these domains
(Cameron et al., 2012; Oberer et al., 2017; Wassenberg et al., 2005). A plausible
explanation is the resemblances of movements and coordination essential
throughout both fine and gross motor performance. The results also showed that
better self-regulatory skills, executive functioning and expressive vocabulary
skills were all found to lower the odds of fine motor delay. Various studies that
have examined associations between fine motor skills, self-regulation and
executive functions. In keeping with current findings, these studies have revealed
positive associations with fine motor skills (Cameron et al., 2012; Grissmer et al.,
2010; Livesey et al., 2006; Oberer et al., 2017; Wassenberg et al., 2005). A
plausible explanation for these associations might be that several behavioral and
cognitive abilities are required during fine motor tasks and assessments, and vice
versa. While a positive relationship between expressive vocabulary and fine
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motor skills is not always present (Cameron et al., 2012), the current study
showed a strong positive association. In addition, previous research does suggest
a robust relationship between fine motor skills and receptive vocabulary skills
(Obeid & Brooks, 2018). Further research is needed to better understand these
relationships.
In line with the previous research from Comuk-Balci et al. (2016), current
findings showed that marital status, parent education level and family income
were associated with fine motor delay. Similarly, employment status and SES
were also related to fine motor delay, but the adjusted odds ratios were not
significant and should therefore be considered with care. In this study it is
possible that children from higher income families have more fine motor
resources at home. It is known that children who participate in more fine motor
activities at home, particularly craft activities and playing with small toys, have
better fine motor skills (Suggate, Stoeger, & Pufke, 2016). Therefore, an
explanation regarding increased odds for children from single parent homes might
be the lack of availability to set up and undertake educational fine motor activities
with their children at home. In addition, children from higher income families
might have more access to touchscreen based technology that requires children to
use their fine motor skills. While the direct impacts of technology on young
children’s fine motor development have shown mixed results, it has been
suggested that earlier use (e.g. scrolling, touching) of touch screen is associated
with reaching fine motor milestones at a younger age (Bedford, Saez de Urabain,
Cheung, Karmiloff-Smith, & Smith, 2016).
The strengths of the current study include the unique sample of preschoolers
from vulnerable and low-income communities in Australia and a high proportion
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from Indigenous decent. Given the importance of the reliability and validity of
fine motor data, the ASQ-3 information was collected by trained experienced
researcher rather than parents or educators.
The limitations of the current study include the low response rate of the
parents in the parent questionnaire. The reason for this might be that some
questions carry personal information, such as family income and marital status.
Additionally, there is potential of selection bias within the sample of parents who
responded. Children from parents who completed the questionnaire scored on
average almost four points higher on the vocabulary scale compared with children
from parents who did not complete the questionnaire. This could indicate that
children with lowered vocabulary have parents with lower vocabulary skills
and/or literacy skills, and therefore, these parents did not complete the parent
questionnaire. Also, the ASQ-3 was used to measure fine and gross motor skills
has recently been modified to be more culturally and linguistically appropriate for
the use in remote Australian Indigenous context.

3.5 Conclusion
Despite the apparent importance of fine motor skill development in early
childhood, the current study indicates that almost one in the four children are
delayed or at risk of fine motor delay in low-income Australian communities. To
better understand this high proportion, the study shows these children also have a
range of other factors associated with fine motor delay. In particular, boys and
indigenous children are three times more likely to be delayed compared to their
peers. Children that lived with a single parent were three times more likely to be
delayed compared to children who lived with parents who lived together. Other
factors that are associated with delay included younger age, poorer gross motor
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skills, poorer self-regulation and executive functioning, poorer vocabulary, and
lower levels of parental income and education. This information can assist future
studies to select the most appropriate target population when implementing
screening and intervention programs to tackle fine motor problems. Hopefully,
this will improve the opportunities for young children to get assistance they need
to effectively develop their fine motor skills and in turn overall development.
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Foreword to Chapter 4
Study 1 (Chapter 3) indicated that a large proportion of children from
vulnerable communities experienced fine motor difficulties, highlighting the
importance of early screening. These findings can assist in targeting children and
the associated environmental risk factors when supporting fine motor
development. It signifies a need for supportive strategies to improve children’s
fine motor development, as well as their overall developmental learning and
wellbeing.
The findings from Study 1 reveal high levels of fine motor difficulties for
typically developing children in the ECEC settings. Chapter 2 acknowledged
various intervention programs that were designed to improve children’s fine
motor skills, and discussed findings from several systematic reviews and metaanalyses of interventions targeting motor development. However, to date, no
systematic review has been completed to evaluate the effectiveness of motor
interventions on fine motor development in typically developing children within
the preschool years. The second study (Chapter 4) aimed to systematically review
the evidence of motor skill intervention programs on children’s fine motor
development aged birth to six years. Study 2 intended to: (1) identify the study
characteristics and methodology of the intervention programs from previous
studies; (2) evaluate the conceptualization of intervention programs and its
assessment of fine motor development; and (3) examine the effectiveness of the
intervention programs on children fine motor development.
The following chapter presents the published work (excluding abstract and
reference list) as it appears in Journal of Developmental & Behavioral Pediatrics
(Strooband, de Rosnay, Okely, & Veldman, 2020).
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Chapter 4
Systematic Review and Meta-Analyses: Motor Skill
Interventions to Improve Fine Motor Development in
Children Aged Birth to 6 Years
4.1 Introduction
Fine motor skills form the foundation of many day-to-day activities in the
early stages of life, such as eating, drawing and dressing. They are also essential
for successful transition to formal schooling. The Australian Early Years
Learning Framework (2009) and the Head Start Early Learning Outcomes
Framework (2015) identify the importance of fine motor development as a
foundation for children’s independence. Yet, various studies reveal that a large
proportion (10% to 24%) of young children experience difficulties performing
fine motor skills adequately (Bello et al., 2013; Goyen & Lui, 2002; Handel et al.,
2007; Troude et al., 2011). To support children’s fine motor skill development
effectively, more research is needed to explore the efficacy of intervention
methodologies that aim to improve fine motor skills at an early age.
Fine motor skills involve smaller muscle movements to hold and manipulate
small objects with the use of hands and fingers, which typically also requires eyehand coordination (Luo et al., 2007). In the extant literature, several terms are
closely linked with fine motor skills, including: visual motor skills, visual motor
integration, manual dexterity, perceptual motor skills, and graphomotor skills.
Minor functional discrepancies can be made between these different terms. For
example, visual motor skills require the ability to respond to a visual impulse with
the correct fine motor action (Dankert et al., 2003), whereas manual dexterity
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involves the coordination and manipulation of objects through the use of fine
motor movements in a timely manner (Wang et al., 2011). Despite these
differences in defining specific fine motor behaviors, such differences have
generally been the focus of research that examines specific skill development. At
this time, however, there is not a clear basis in the literature to focus exclusively
on a narrow range of fine motor skills or a specific fine motor skill function in the
context of young children’s fine motor skill development and, therefore, the
current paper employs a broad definition of fine motor skills that incorporates
these existing specific definitions.
There is a robust literature that documents associations between fine motor
skills and a range of important learning and developmental domains, such as
children’s gross motor skills (Cameron et al., 2012; Oberer et al., 2017;
Wassenberg et al., 2005), school achievement (Bart, Hajami, & Bar-Haim, 2007;
Cameron et al., 2012; Dinehart & Manfra, 2013; Grissmer et al., 2010; Luo et al.,
2007; Pitchford et al., 2016; Roebers et al., 2014; Son & Meisels, 2006) and
aspects of their executive functions (Cameron et al., 2012; Livesey et al., 2006;
Oberer et al., 2017; Roebers et al., 2014; Wassenberg et al., 2005). For example, it
has been suggested that more advanced fine motor skills in preschoolers predicts
higher reading and mathematics levels in the initial years of primary school
(Grissmer et al., 2010; Son & Meisels, 2006). Therefore, understanding children’s
fine motor skills and supporting its development in the early years is likely to be
an important aspect of children’s preparedness for future learning and school
achievement. Despite the apparent importance of fine motor skills in early
childhood, the current literature indicates that a relatively high proportion of
young children are delayed (10% to 24%) or at risk (an additional 13% to 40%) of
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fine motor skills delay (Bello et al., 2013; Goyen & Lui, 2002; Handel et al.,
2007; Troude et al., 2011). Therefore, methods to promote fine motor skill
development need to be examined and validated.
In light of these facts, preschool education may be an appropriate and
reliable setting in which to tackle delay of fine motor skill development at an
early age. A high proportion of children are enrolled at preschool from an early
age, and there is already recognition that fine motor skill development should be a
focus of daily preschool activities (DEEWR, 2009; Marr et al., 2003; OECD,
2016). Worldwide, almost 50% of children are enrolled at preschool before an age
of 5 years, with 77.6% at an age of 3 and 4 years (OECD, 2016). Furthermore, in
Head Start classrooms within the US, for example, 4-year-olds spent
approximately 37% of their time performing fine motor activities and in
kindergarten this increased to 46% (Marr et al., 2003). The fine motor activities
within these Head Start classrooms were mainly (35% out of 37%) devoted to
non-academic content, including finger play, art activities, eating, manipulative
play (e.g. playdough), play in centres (e.g. block play), hygiene task, and putting
on and taking off coats (Marr et al., 2003). Although more than one third of time
in an education setting being devoted to fine motor activities, there are still a large
proportion of children exhibiting fine motor skill deficits and these need to be
addressed appropriately. While intervention effects on fundamental movement
skills (i.e. gross motor skills) have been closely investigated (Van Capelle et al.,
2017; Veldman et al., 2016; Wick et al., 2017) and have led to improved
guidelines and practices, less attention has been given to intervention effects on
fine motor skill development. A systematic review by Case and colleagues (2013)
examined the effects of occupational therapy on both gross and fine motor
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performance in children between birth and six years. In this review, limited data
were available on the effects on fine motor skill development among children
with motor delay, with only four of 24 studies reporting on fine motor skill
outcomes (Case-Smith et al., 2013).
To our knowledge, the efficacy of motor skill intervention programs on fine
motor skills in typically developing children has not been evaluated. A defined
literature review is important to identify current effective methods that promote
fine motor skills and provide recommendations for future fine motor research in
the early years. Therefore, the purpose of this systematic review and metaanalyses was to describe and evaluate the efficacy of motor skill intervention
programs on fine motor skill outcomes in typically developing children aged birth
to six years.

4.2 Methods
This review and meta-analyses was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
Statement (Moher, Liberati, Tetzlaff, & Altman, 2009).
4.2.1 Eligibility Criteria
Types of studies. Randomized controlled trails (RCT) using quasiexperimental, experimental or single group pre-post designs were included with a
minimum sample size of 15 participants per group. Studies were excluded if: (1)
participants were children with physical, mental, language, intellectual or
developmental disorders/delays (e.g. apraxia, cerebral palsy, autism) (2)
participants were born preterm (i.e. <37 weeks); (3) articles were not peer-
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reviewed or no full text was available; and (4) the research was not published in
English.
Types of participants. Studies that targeted children aged between birth and
six years for at least one time point of assessment. Children were typically
developing and generally healthy irrespective of fine motor skill level, weight
status, living areas and/or socioeconomic status.
Types of interventions. Any motor skill interventions implemented in
preschools, primary school, community services or at home aimed at improving
fine motor skill development in children.
Types of outcome measures. Studies reporting statistical analyses of fine
motor skill development at both pre- and post-intervention or addressing the
intervention effects on fine motor skill development were included. Studies must
have used a validated tool which assessed at least one of the related fine motor
skill outcomes, presented in Figure 4.1, and included the effect size or mean test
scores.
4.2.2 Information Sources and Search
Studies were identified by searching five electronic databases and scanning
reference lists of articles. The five databases were: SCOPUS, Web of Science,
PUBMED, Education Research Complete + ERIC + PsycINFO (EBSCO) and
ProQuest Central. Search limits were set for English and peer reviewed articles
only. The first search was run on 1st June 2017 and the last search was completed
on the 6th of December 2018. The following search strategy was used:
(intervention OR program* OR random* OR trial OR pilot) AND ("fine motor"
OR "visual motor" OR graphomotor) AND (child* OR preschool* OR “pre-
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school*” OR toddler* OR kinder* OR newborn OR infan*) NOT (disorder* OR
illness OR disease* OR disab*). There was no restriction on publication date.

Figure 4.1 TERMINOLOGY linked to fine motor skills.
1 Fine

motor skills (i.e. involve smaller muscles movement to hold and manipulate small objects with the use
of hands and fingers, which require eye-hand coordination), 2 visual motor skills (i.e. integration of visual
image with the correct motor response), 3 visual motor integration (i.e. combination of visual perceptual
abilities and fine motor control), 4 manual dexterity (i.e. coordination and manipulation of objects in a timely
manner), 5 perceptual motor skills (i.e. combination of sensory and motor skills) and 6 graphomotor skills (i.e.
coordination of perceptual, cognitive and motor skills to write)

4.2.4 Study Selection
After running the search strategy, the first author removed all duplicates and
the remaining article titles and abstracts were screened by two authors (KFBS and
SLCV) in a blinded standardized manner. Titles and abstracts were categorized
into three groups, ‘yes’, ‘no’ and ‘maybe’, and decision disagreement was
resolved by discussion. The full text of the remaining articles was retrieved. One
author (KFBS) screened all full text articles, and blinded to these results, the three
other authors each screened one-third of the full text articles for inclusion. After
completion, inclusion disagreement was discussed with all authors until full
agreement was reached.
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4.2.5 Data Collection Process
After study selection, the first author extracted data from included studies
and other authors checked these data. Data were extracted on methodology,
participant characteristics, intervention description, fine motor measurement and
the results related to fine motor skill development.
4.2.6 Data items
The following information was extracted from each included study: (1)
characteristics of participants, including sex, mean age and age range; (2) type of
intervention, including name, type, facilitator, intensity, duration, groups and
measurement tool(s) used; (3) results, including follow up, control group,
statistical tests, effects of intervention, pre- and posttest scores.
4.2.7 Risk of Bias in Individual Studies
The first author assessed risk of bias for all included studies, and blinded to
these results, the three other authors each assessed one-third of the studies using a
checklist adapted from the Consolidated Standard of Reporting Trials statement
(see Table 4.1) (Schulz, Altman, & Moher, 2010). In line with recommendations
from the PRISMA statement, the nine-item criteria were scored separately rather
than assigning an overall score. Each item on the checklist was given either:
“explicitly described and present” (Y), “absent” (N), “unclear or inadequately
described” (?) or not applicable because of the study design (N/A). Disagreement
between authors was discussed until consensus was reached.
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Table 4.1 Risk of Bias Checklist (Schulz et al., 2010)
Item

Description

A

Key baseline characteristics are presented separately for treatment groups (age, gender
and fine motor skill outcome measure), baseline outcomes were statistically tested and
results of test were provided
Randomization (generation of allocation sequence, allocation concealment and
implementation) clearly described and adequately completed
Validated measures of fine motor skill development used (validation in same aged
group/ or cited)
Blinded outcome assessment (positive when those responsible for assessing fine motor
development were blinded to group allocation of individual participants)
Drop out described, with a ≤ 20% dropout for studies with < 6-months follow up or 
30% for ≥ 6-months follow up.
Power calculation reported for main fine motor development outcome.
Intention –to-treat analyses of fine motor development outcome, participants analyzed
in group they were originally allocated to and participants were not excluded from
analyses because of noncompliance to treatment or because of missing data
Covariates accounted for in analyses (e.g., baseline score, group/ cluster for cluster
RCT’s, and other relevant covariates when appropriate such as age or gender)
Summary results for each group and/or estimated effect size (difference between
groups) and its precision (e.g., 95% CI)

B
C
D
E
F
G

H
I

4.2.8 Synthesis of Results
Meta-analyses were conducted using Review Manager version 5.3 (Review
Manager (RevMan), 2014). Studies that included a control or comparison group
and provided the number of participants, and pre- and post-test values (means and
SD, change) for fine motor, visual motor or manual dexterity were included in the
meta-analyses. Post-test values were used for the meta-analyses. Outcome data for
fine motor and visual motor and manual dexterity were represented separately to
enhance interpretability of meta-analyses results. Due to the variety of assessment
tools, the standardized mean difference (SMD) with 95% confidence interval was
reported. Statistical heterogeneity was assessed via I2 index test. Effect sizes were
interpreted as small (0.3), moderate (0.5) or large (0.8) (Cohen, 1988). In one
study, there were multiple treatment groups and one control group, therefore the
sample size of the control group was divided to avoid double counting (Lahav et
al., 2008).
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4.3 Results
4.3.1 Study Selection Process
The review flowchart is presented in Figure 4.2. The search strategy in
multiple databases identified a total of 1691 studies and a further six were added
through other sources (e.g. screening of reference lists). After removing
duplicates (n=715) and screening title and abstract (n=910), 66 full-text articles
were retrieved and assessed. Interrater reliability for the full text screening
between the authors indicated an overall good agreement for the 66 articles
(percentage agreement 86%,  = 0.73). A total of 31 studies were included in the
review and 19 of these were included in the meta-analyses.

Figure 4.2 PRISMA flowchart of studies through the review process.
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4.3.2 Study Characteristics
Table 4.2 displays the characteristics of the studies. Three studies were
published before 2000 (Gabbard, 1978; McCormick & Schnobrich, 1971; Tzuriel
& Eiboshitz, 1992), eight between 2000 and 2009 (Bayona et al., 2006; Bazyk et
al., 2009; Case-Smith, 2000; Dankert et al., 2003; Lahav et al., 2008; Ratzon et
al., 2007; Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009) and
the majority (n=20) after 2009 (Axford, Joosten, & Harris, 2018; Bhatia, Davis, &
Shamas-Brandt, 2015; Brown, 2010; Dibek, 2012; Erasmus et al., 2015; Golos,
Sarid, Weill, & Weintraub, 2011; Golos et al., 2013; Hamilton & Liu, 2017;
Hartinger et al., 2017; Howe, Roston, Sheu, & Hinojosa, 2013; Janssens &
Rosemberg, 2014; Jeon, Im, Choi, & Kim, 2016; Lin et al., 2017; Lust & Donica,
2011; Ohl et al., 2013; Pfeiffer et al., 2015; Piek et al., 2013; Pienaar et al., 2011;
Ulutas & Aksoy, 2016; Zoghi, Shojaei, & Ghasemi, 2016). Studies were
conducted in 12 countries, with the majority in the United States (n=10) (Bazyk et
al., 2009; Bhatia et al., 2015; Case-Smith, 2000; Dankert et al., 2003; Gabbard,
1978; Hamilton & Liu, 2017; Howe et al., 2013; Lust & Donica, 2011; Ohl et al.,
2013; Pfeiffer et al., 2015) and Israel (n=7) (Golos et al., 2011, 2013; Lahav et al.,
2008; Ratzon et al., 2007; Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas,
et al., 2009; Tzuriel & Eiboshitz, 1992). Most interventions (n=24) were
evaluated in a school setting and four interventions were in a home/community
setting (Hartinger et al., 2017; Janssens & Rosemberg, 2014; Lin et al., 2017;
Ulutas & Aksoy, 2016). For the remaining three studies, the intervention setting
was unclear (Gabbard, 1978; Jeon et al., 2016; Zoghi et al., 2016).
A total of 3487 children participated across all studies with sample sizes
ranging from 25 to 534 children. While taking into consideration the unclear
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description of retention in several studies (Dankert et al., 2003; Hamilton & Liu,
2017; Janssens & Rosemberg, 2014; Pfeiffer et al., 2015; Ratzon, Lahav, et al.,
2009; Tzuriel & Eiboshitz, 1992; Ulutas & Aksoy, 2016; Zoghi et al., 2016), data
of 3224 children were used for analyses. Approximately 56% of the participants
were in the intervention groups. Two studies included only boys (Golos et al.,
2011, 2013). There were 14 RCTs (Gabbard, 1978; Golos et al., 2011; Hamilton
& Liu, 2017; Hartinger et al., 2017; Jeon et al., 2016; Lahav et al., 2008; Ohl et
al., 2013; Pfeiffer et al., 2015; Piek et al., 2013; Ratzon et al., 2007; Ratzon,
Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009; Tzuriel & Eiboshitz,
1992; Ulutas & Aksoy, 2016), 13 quasi-experimental (Axford et al., 2018; Bhatia
et al., 2015; Dankert et al., 2003; Dibek, 2012; Erasmus et al., 2015; Golos et al.,
2013; Howe et al., 2013; Janssens & Rosemberg, 2014; Lin et al., 2017; Lust &
Donica, 2011; McCormick & Schnobrich, 1971; Pienaar et al., 2011; Zoghi et al.,
2016), three single group (Bayona et al., 2006; Bazyk et al., 2009; Case-Smith,
2000) and one repeated-measures study design (Brown, 2010).
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Table 4.2 Study/ Intervention Characteristics and Findings
Reference (author,
year, country)
Axford et al (2018)
Australia

Bayona et al (2006)
Canada

Design and
Setting
Two-group nonrandomised
controlled trial, 2
pre-primary
classrooms

Quasi-experiment
(one group), 2
school boards

Sample
INT: n = 28
CON: n = 25

Intervention
Length (total min)
9 weeks (1350
min)

Overall aged 56-70
mo)

a INT:

n = 23
17% girls; mean age
76 mo, aged 5 - 8 y

Intervention Groups and
Facilitator
INT: iPad applications
CON: table top and fine motor
activities
Facilitator:
INT: Teachers
CON: Teachers

5 mo (unclear)

INT: School Health Support
Services (SHSS) program
CON: N/A.

Intervention Content
INT: 30 min daily where children
could select out of three specific
Apps, specially selected by teacher.
CON: Activities included threading,
cutting, jigsaw, form-board puzzles
and building with blocks, which
formed normal part of school
program.
INT: shifted from 18 – 22 to 5 - 10
consultant visits throughout the
school year, depending on child's
needs

Facilitator:
INT: Occupational Therapists
CON: N/A
Bazyk et al (2009)
United States

Bhatia et al (2015)
United States

Single-group
pretest-posttest
descriptive
design, 2
integrated
kindergarten
classrooms

Quasi-experiment,
4 private
Montessori school
and 1 public
elementary school

INT: n = 25
mean age 71.5 mo,
aged 60 - 83 mo

7 mo (mean 567
min; range 335 885 min per child)

INT: Occupational Therapy
Services
CON: N/A.
Facilitator:
INT: Occupational Therapists
and Teachers
CON: N/A

INT: n = 50
CON: n = 50

8 mo (31500 min)

INT: Practical life activities
CON: Traditional kindergarten
curriculum

Overall aged 5 y
Facilitator:
INT: Teachers
CON: Teachers
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Fine Motor Measure
and data collection
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 6th edition
(The Beery VMI)
Data Collection: 0, 9
wks
Vineland Adaptive
Behavior ScalesClassroom Edition
(VABS-C)

Retention and Results
RET: 53/54 (98%)
INT > CON: MC
(standard score: p=.02;
d=0.93; age equivalent
score: p=.004; d=1.08)
INT = CON: increase
VMI (p=.001; d=066)

RET: 23/35 (66%),
22/23 (96%) for FM
INT = CON: FM
(d=0.25)

Data Collection: 0, 5
mo
INT: 2 days per week of Indirect
(eg. learning about the curriculum,
making classroom observations,
engaging in collaborative
consultation with teachers, parents,
ant other service providers, and
undertaking preparation activities)
and direct services (eg group and
individual assessment and
intervention fully embedded in the
classroom curriculum)

Peabody Developmental
Motor Scales, 2nd
edition (PDMS-2), The
Beery-Buktenica
Developmental test of
Visual-Motor
integration, 4th edition
(The Beery VMI)

INT: 180 min daily where children
could choose among 6 types of
activities, including practical life
activities.
CON: Traditional kindergarten
activities

Flag Posting Test

RET: 100%
INT > CON: PDMS-2
FM (p=.021; d=0.202);
VMI (p=.023; d=0.198);

Data collection: 0, 7 mo

Data collection: 0, 8 mo

RET: 100%
INT > CON: FM
accuracy (p<.001); FM
speed (p=.003).

Table 4.2 Continued
Reference (author,
year, country)
Brown (2010)
England

Design and
Setting
Repeated
measures design,
2 primary schools

Sample
INT: n = 32
40.6% girls; mean
age 69.0 mo
CON: n = 33
57.3% girls; mean
age 72.5 mo

Intervention
Length (total min)
5 mo (1650 min)

Intervention Groups and
Facilitator
INT: Primary Movement
programme.
CON: Brain Gym programme

Intervention Content
INT: 15 min a day of acting out
song movements.
CON: similar procedure with the
Brain Gym Programme

Facilitator:
INT: Teachers
CON: Teachers

Fine Motor Measure
and data collection
British Ability Scales,
2nd edition (BAS II);
copying (FM) part only

Retention and Results
RET: 100%
INT > CON: FM
(p<.001; d=0.71)

Data Collection: 0, 5
mo

Overall aged 4 - 5 y
Case- Smith (2000)
United States

Descriptive
design (single
group), public
schools

INT: n = 44
34% girls; mean age
56.53 mo, aged 44 72 mo

8 mo (825 min;
range 408 - 1824)

INT: Occupational Therapy
sessions
CON: N/A.
Facilitator:
INT: Occupational Therapists
CON: N/A

INT: sensory integration, motor/
manipulation, self-care and
play/peer interaction activities.
Group, individual sessions and
teachers consulting

Peabody Developmental
Motor Scales-Fine
Motor, 1st edition
(PDMS-FM);
Developmental Test of
Visual Perception, 2nd
edition (DTVP-2);

RET: 41/44 (93%) for
PDMS-FM, 43/44
(98%) for DTVP-VMI
INT > : PDMS-FM
(d=1.87); DTVP-VMI
(d=1.83)

Data Collection: 0, 8
mo
Dankert et al (2003)
United States

Dibek (2012)
Turkey

Quasi-experiment,
one school

Quasi-experiment,
4 classrooms from
a state school

INT: n = 16
69% girls; mean age
52.63 ± 4.10 mo
CON: n = 15
47% girls; mean age
53.4 ± 2.88 mo
Overall aged 3 - 6 y

8 mo (1050 min)

a

10 wks (800 - 950
min)

INT: n = 17
47% girls
CON: n = 16
31% girls
Overall aged 60-69
mo

INT: Direct occupational
therapy services.
CON: No treatment
Facilitator:
INT: Occupational Therapist
(author)
CON: N/A
INT: Visual Motor Ability
Enhancement Program
(VMAEP)
CON: Regular education
Facilitator:
INT: Unclear
CON: N/A

INT: 30 min per week including
fine motor activities, such as art and
crafts, finger plays and small
manipulatives; gross motor
activities such as obstacle course,
music, dancing; and visual-motor
and visual perception activities such
as drawing, cutting and assembly.

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 3rd edition
(The Beery VMI)

INT: 3 days per week; day 1 story
book was read (15-20min), day 2
includes story activities (40-45min),
day 3 use of 3D and 2D materials
(25-30min)

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 5th edition
(The Beery VMI)

Data Collection: 0, 8
mo

Data collection: 0, 10
wks
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RET: unclear
INT = CON

RET: 32/38 (84%)
INT > CON: VMI
(p<.001); VP (p=.01)

Table 4.2 Continued
Reference (author,
year, country)
Erasmus et al
(2015) South Africa

Design and
Setting
Mixed-method
research; quasiexperiment, 2
primary schools

Sample
INT: n = 21
52.4% girls
CON: n = 27
59.3% girls

Intervention
Length (total min)
10 wks (1200
min)

RCT

INT: n = 52
CON: n = 52

10 wks (900 min)

Overall mean age
5.3 y
Golos et al (2011)
Israel

Golos et al (2013)
Israel

pre-post two
group
longitudinal;
RCT, 3 Israeli
ultraorthodox
educational
settings

pre-post two
group
longitudinal;
quasi-experiment,
2 Israeli
ultraorthodox
educational
settings

INT: n = 31
mean age 51.15 ±
3.98 mo
CON: n = 54
mean age 52.00 ±
4.16 mo

Intervention Content
INT: 3 times 40 min per week
where 20 min was spending on
Gross motor, 10 min on Fine motor
and 10 min on Perceptual activities

Fine Motor Measure
and data collection
Le Roux's Group Test
Data Collection: 0, 10
wks

Facilitator:
INT: Researchers
CON: Unclear

Overall aged 5 - 5.5
y
Gabbard (1978)
United States

Intervention Groups and
Facilitator
INT: Perceptual-Motor
Intervention Programme
CON: Unclear

8 mo (1050 min)

INT: eye-hand coordination
CON: Free-play activities
Facilitator:
INT: Unclear
CON: N/A
INT: Monitoring model
CON: Unclear

INT: 3 times 30 min per week with
eye-hand coordination activities and
2 days free play

Metropolitan Readiness
test-level 1, copying test

Overall 0% girls

INT 1: n = 28
preschool mean age
50.61 ± 4.05 mo &
kindergarten mean
age 60.43 ± 3.86 mo
INT 2: n = 30
mean age 65.07
±4.49 mo

Data Collection: 0, 8
mo
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 5th edition
(The Beery VMI); The
Movement Assessment
Battery of Children (MABC), 1st edition

8 and 16 mo
(1050 and 2100
min)

INT 1: 2-year intervention
INT 2: 1-year intervention
Facilitator:
INT 1: Teachers
INT 2: Teachers

Overall 0% girls

INT: 30 min per week where smallgroups practiced manual dexterity,
gross motor skills, graphomotor
skills and cognitive skills; teacher
and occupation therapist
consultation and monitoring

INT 1 + 2: 30 min per week where
small-groups practiced manual
dexterity, gross motor skills,
graphomotor skills and cognitive
skills; teacher and occupation
therapist consultation and
monitoring

Data Collection: 0, 1
and 2 y
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RET: 100%
INT < CON: FM
(p<.0001; d=0.32)
INT > CON: VP
(p=0.0321; d=0.58)

RET: 100%
INT > CON: FM
(p<.01)

Data Collection: 0, 10
wks
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 5th edition
(The Beery VMI); The
Movement Assessment
Battery of Children (MABC), 1st edition

Facilitator:
INT: Teachers
CON: Unclear

Retention and Results

RET: 27/31 (87%) INT,
49/54 (91%) CON
INT > CON: VMI
(p<.000); MD (p<.000)

RET: 27/28 (96%) for
VMI INT 1, 26/28
(93%) for MD INT 1;
29/30 (97%) for VMI
and MD INT 2
INT 1 = INT 2

Table 4.2 Continued
Reference (author,
year, country)
Hamilton et al
(2017) United
States

Hartinger et al
(2016) Peru

Howe et al (2013)
United states

Janssens et al
(2013) Caribbean

Design and
Setting
RCT, prekindergarten
program children

non-blinded
community
randomised trial,
50 rural
communities

non-equivalent
pretest-posttest
group, 1
elementary school

quasi-experiment,
15 communities

Sample
INT: n = 74
50% girls; mean age
54.32 ± 3.07 mo
CON: n = 75
49.3% girls; mean
age 55.05 ± 3.67 mo

INT: n = 267
49% girls; mean age
2.0 ± 0.7 y
CON: n = 267
47% girls; mean age
2.0 ± 0.7 y
Overall aged 6 - 35
mo
INT 1: n = 34
mean age 6.69 ±
0.42 y
INT 2: n = 38
mean age 6.57 ±
0.50 y

INT: n = 229
CON: n = 232
At baseline, overall
(n = 389) 54%
girls; mean age 15.7
mo, aged 1.1 – 38.1
mo

Intervention
Length (total min)
16 wks (800 min)

Intervention Groups and
Facilitator
INT: Practical life activities
CON: Traditional kindergarten
curriculum
Facilitator:
INT: Teachers
CON: Teachers

12 mo (10950
min)

INT: Early Child Development
(ECD) intervention.
CON: Integrated Household
Intervention Package

Intervention Content
INT: 50 min per week where 25
min gross motor and 25 min fine
motor
CON: play-based lessons also 25
min in gymnasium and 25 min
classroom activities

Fine Motor Measure
and data collection
Peabody Developmental
Motor Scales, 2nd
edition (PDMS-2)

Retention and Results
RET: Unclear
INT > CON: VM
subtest PDMS-2 (p<.01;
d=0.56).

Data collection: 0, 16
wks

INT: 30 min a day by mothers, 45
min training for mothers at baseline
and follow up training 20-30min
per 3 weeks, every two months new
set of toys

Lista de cotejo
(checklist)

INT 1 + 2: 2 times 40-45 min per
week: 20 min activities designed
by therapists, 15 min handwriting
activities and 10 handwriting games
(slightly different activities per
group)

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 5th edition
(The Beery VMI)

Data collection: 0, 12
mo

RET: 435/534 (81%)
INT > CON: Proportion
indicators solved FM
increased for INT, not
in CON

Facilitator:
INT: Mothers
CON: N/A
12 wks (480 - 540
min)

Average length of
enrolment 13.2
mo (5130 min)

INT 1: Intensive Practice Group
(IP)
INT 2: Visual-perceptual-motor
activity Group (VMP)
Facilitator:
INT 1 + 2: Occupational
Therapists
INT: Roying Caregivers
Program
CON: Unclear
Facilitator:
INT: Rovers (trained personnel)
and caregivers.
CON: Unclear
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INT: 2 times 45 min per week:
Age-appropriate stimulation
activities through play, monthly
parenting meetings

Data collection: 0, 12
wks
Mullen Scales of Early
Learning
Data Collection: 0, 13.2
mo average

RET: 100%
INT 1 = INT 2

RET: Unclear
INT > CON: FM
(p<.05) scale in the
youngest birth cohort
only

Table 4.2 Continued
Reference (author,
year, country)
Jeon et al (2016)
South Korea

Design and
Setting
RCT

Sample
INT: n = 57
35.1% girls
CON: n = 60
38.3% girls

Intervention
Length (total min)
6 mo (unclear)

RCT, 7 schools
and 8
kindergartens

INT 1: n = 53
INT 2: n = 63
CON: n = 52

12 wks (540 min)

Overall:
49% girls; mean age
71.08 mo, aged 56 90 mo

Lin et al (2017)
Taiwan

Quasi-experiment,
home based

INT 1: n = 40
INT 2: n = 40

24 wks (3300
min)

Overall 35% girls;
mean age 61.0±7.6
mo
Lust et al (2011)
United States

Quasi-experiment,
1 preschool

INT: n = 20
45% girls; mean age
55.4 ± 3.74 mo
CON: n = 20
25% girls; mean age
55.9 ± 3.48 mo
Overall aged 4 to
4.92 y

Intervention Content
INT: 48 sessions of drawing images
in their minds

Facilitator:
INT: Researchers
CON: N/A

Overall aged 4 - 6 y

Lahav et al (2008)
Israel

Intervention Groups and
Facilitator
INT: Self-Imagery Training
(SIT) program.
CON: N/A.

6 mo (940 min)

INT 1: Directive Visual Motor
intervention (DVMI)
INT 2: Nondirective Supportive
intervention (NDSI)
CON: no treatment
Facilitator:
INT 1: Occupational Therapy
Students
INT 2: Occupational Therapy
Students
CON: N/A
INT 1: Touch-screen-tablet
group
INT 2: Non-touch-screen-tablet
group
Facilitator:
INT 1 + 2: Parents
INT: Handwriting Without
Tears - Get Set for School
(HWT-GSS)
CON: Standard Head Start
Curriculum
Facilitator:
INT: Occupational Therapy
students, authors and teachers
CON: Unclear
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Fine Motor Measure
and data collection
Korean Developmental
Test of Visual
Perception, 2nd edition
(K-DTVP-2)

Retention and Results
RET: 100%
INT > CON: VMI
(p<.001); VP (p<.001)

Data Collection: 0, 6
mo
INT 1: 45 min per week of fine
motor activities, paper work and
patterns use
INT 2: 45 min per week of mind
games, games of chance social
games, memory games, cards and
boards games (goal-directed
activities)

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 4th edition
(The Beery VMI);
Developmental Test of
Visual Perception, 2nd
edition (DTVP-2)
Data Collection: 0, 12
wks

INT 1: 20 min a day of iPad apps,
24 different age appropriate apps
designed to develop fine motor
skills
INT 2: 20 min a day of typically
age-appropriate fine motor skill
activities
INT: 3 times 20 min per week (total
of 47 sessions) of 5 min warm up
and 15 min small group activities
including body awareness skills,
directional concepts, and letter-play
activities and progressed to
colouring and tracing of capital
letters and shapes

Bruininks-Oseretsky
Test of Motor
Proficiency, 2nd edition
(BOT-2)
Data collection: 0, 24
wks
Bruininks-Oseretsky
Test of Motor
Proficiency, 2nd edition
(BOT-2)
Data Collection: 0, 6
mo

RET: 167/168 (99%)
for VMI
INT 1 > CON: VMI for
first graders (p<.05)
INT 2 > INT 1: VMI for
kindergarten children
(p<.05)
INT 2 > CON: VMI for
kindergarten children
(p<.01)

RET: 100%
INT 1 < INT 2: FM
precision (p<.001); FM
integration (p=.008);
MD (p=.003)

RET: 32/40 (80%)
INT > CON: FM
precision (p=.045;
d=0.74); FM integration
(p=.021; d=0.87)

Table 4.2 Continued
Reference (author,
year, country)
McCormick et al
(1971)

Ohl et al (2013)
United States

Design and
Setting
Quasi-experiment,
1 Montessori
preschool

pretest-posttest
control-group
design; RCT, 6
elementary
schools

Sample
INT: n = 25
36.0% girls; mean
age 4.4 y, aged 3.3
to 5.8 y
CON: n = 24
58.3% girls; mean
age 4.3 y, aged 2.9
to 5.7 y
a INT:

n = 47
42.6% girls; mean
age 5.18 ± 0.35 y
CON: n = 28
46.4% girls; mean
age 5.20 ± 0.34 y

Intervention
Length (total min)
7 mo (2700 min)

Intervention Groups and
Facilitator
INT: Perceptual-motor Training
CON: Regular Montessori
Training

Intervention Content
INT: 3 times 30 min per week of
gross- and fine motor exercises

INT: Specialized Teaching and
Enhancement of Performance
Skills for Kindergarteners
(STEPS-K)
CON: Unclear

INT: 10 times 30 min lessons, a
classroom fine motor center with
new activities and consultation
between OT and teacher

Facilitator:
INT: Occupational Therapists
and teachers
CON: Unclear

Pfeiffer et al (2015)
United States

two-group pretestposttest; RCT, 2
public schools

Kindergarteners
only
INT: n = 29
CON: n = 27
Overall 58.2% girls;
aged 5 – 6 y

8 wks (800 min)

Retention and Results
RET: 100%
INT > CON: VM
(p<.05)

Data collection: 0, 7
months

Facilitator:
INT: Unclear
CON: Unclear

10 wks (300 min
lessons, 573 min
consultation)

Fine Motor Measure
and data collection
Visual-motor sequential
subtest of the ITPA

INT: Size Matters Handwriting
Program (SMHP)
CON: Usual handwriting
instructions
Facilitator:
INT: Teachers
CON: Teachers

INT: 40 times 20 min intervention
CON: usual handwriting
instructions

Bruininks-Oseretsky
Test of Motor
Proficiency, 2nd edition
(BOT-2); The BeeryBuktenica
Developmental test of
Visual-Motor
integration, 5th edition
(The Beery VMI)
Data Collection: 0, 10
wks
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 6th edition
(The Beery VMI)
Data Collection: 0, 8
wks
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RET: 75/113 (66%)
INT > CON: VMI
(p=.009; d=-0.34); FM
(p=.023; d=-0.24)

RET: Unclear
INT = CON

Table 4.2 Continued
Reference (author,
year, country)
Piek et al (2014)
Australia

Design and
Setting
nested cohort;
RCT, 12 schools

Sample
Overall:
N = 511 (50%
girls); Mean age
5.42 ± 0.30 y, aged
4.83 – 6.17 y

Intervention
Length (total min)
10 wks (1200
min)

Intervention Groups and
Facilitator
INT: Animal Fun Program
CON: normal curriculum

Intervention Content
INT: 4 times 30 min a week of
gross, fine motor and
social/emotional activities

Facilitator:
INT: Teachers
CON: Teachers

Fine Motor Measure
and data collection
Bruininks-Oseretsky
Test of Motor
Proficiency, 2nd edition
(BOT-2), The
Movement Assessment
Battery of Children, 2nd
edition (M-ABC-2)
Data Collection: 0, 6
and 12 mo

Pienaar et al (2011)
South Africa

Ratzon et al (2007)
Israel

Quasi-experiment,
8 pre-primary
schools

RCT, 4
elementary
schools

INT: n = 20
46% girls; aged 4 6y
CON: n = 20
63% girls; aged 4 5y

7 months (1800
min)

a INT:

12 wks (540 min)

n = 24
45.8% girls; mean
age 80 ± 4 mo, aged
72 – 88 mo
CON: n = 28
57.1% girls; mean
age 79 ± 4 mo, aged
73 – 89 mo

INT: The perceptual-motor
development programme
CON: attending nursery schools
Facilitator:
INT: Trained professionals
(Kinderkineticists)
CON: unclear

INT: Short-term intervention
CON: No Treatment
Facilitator:
INT: Occupational Therapy
students
CON: N/A

INT: 1 hour a week; 40 min of
structured gross and fine motor (3-5
min) activities and 20 min free play.
The fine motor skills include
cutting out shapes, making figures
with clay, pinching washing pegs
around the edges of a frisbee,
flicking fingers in the air and
placing shapes in the correct holes
on a board

Peabody Developmental
Motor Scales, 2nd
edition (PDMS-2)

INT: 45 min once a week of playful
fine-motor activities and penciland-paper activities

Bruininks-Oseretsky
Test of Motor
Proficiency (BOT-2);
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 4th edition
(The Beery VMI);
Developmental Test of
Visual Perception
(DTVP-2)

Data collection: 0, 7 mo

Data Collection: 0, 12
wks
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Retention and Results
RET: 450/511 (88%) at
post-test, 355/511
(66%) at follow up
INT > CON: FM
(p=.035) with INT
significant improvement
pre-to follow-up
(p=.001). Boys > Girls:
FM (p=.022)

RET: 32/40 (80%)
INT > CON: FM
(p=0.033, d=0.832)
INT > : VM (p=0.023,
d=0.814), FM (p=0.014,
d=0.929)

RET: 52/59 (92%),
39/52 (75%) for BOT-2
INT > CON: DTVP-2
(p=.001); BOT-2
(p=.000)

Table 4.2 Continued
Reference (author,
year, country)
Ratzon et al (2009)
Israel, A

Design and
Setting
RCT, 10 classes
from 4 elementary
schools

Sample
INT 1: n = 28
46.2% girls
INT 2: n = 26
50.0% girls

Intervention
Length (total min)
12 wks (unclear)

Overall mean age
6.06 ± 4.3 y

Ratzon et al (2009)
Israel, B

RCT, 6
elementary
schools

INT 1: n = 29
INT 2: n = 38
INT 3: n = 24
CON: n = 56

pre-test post-test
design; RCT, 4
kindergartens

INT: n = 30
CON: n = 30
Overall aged 5.6 6.0 y

Intervention Content
INT 1: Consultation once a week
and an activity home kit for parents
once every four weeks
INT 2: Consultation once a week

Facilitator:
INT 1 + 2: Teachers, parents,
Occupational Therapists and
social workers

12 wks (unclear)

Overall 50.0% girls;
mean age 76.63 ±
4.03 mo

Tzuriel et al (1992)
Israel

Intervention Groups and
Facilitator
INT 1: Collaborativeconsultation treatment group
with HPP
INT 2: Collaborativeconsultation treatment group

5 mo (1320 min)

INT1: Direct Treatment (DT)
INT2: CollaborativeConsultation Treatment (CC)
INT3: Combined Treatment
(CT)
CON: No treatment
Facilitator:
INT1: Occupational Therapy
students.
INT2: Teachers and
Occupational Therapists
INT3: INT1 + INT2
INT: Structured program of
visual-motor integration (SPVMI)
CON: Free play activities
Facilitator:
INT: Teachers
CON: Teachers

Fine Motor Measure
and data collection
The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 4th edition
(The Beery VMI);
Developmental Test of
Visual Perception
(DTVP-2)

RET: 45/54 (83.3%)
INT = CON

Data collection: 0, 12
wks
INT1: once a week for 45 min of
playful fine-motor activities and
pencil-and-paper activities
INT2: consultation once a week
INT3: 45 min INT 1 plus another
15 min treatment and consultation

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, 4th edition
(The Beery VMI);
Developmental Test of
Visual Perception, 2nd
edition (DTVP-2)

RET: Unclear
INT > CON: DTVP-2
(p<.001)

Data collection: 1, 12
wks

INT: 2 times 30 min a week of
copying and drawing activities

The Beery-Buktenica
Developmental test of
Visual-Motor
integration, unknown
edition (The Beery
VMI)
Data Collection: 0, 5
mo
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Retention and Results

RET: Unclear
INT > CON: INT
improved much more
on VMI. Significance
for disadvantaged group
only not given.

Table 4.2 Continued
Reference (author,
year, country)
Ulutas et al (2016)
Turkey

Design and
Setting
pretest-posttest
permanence test
control group
design, RCT,
home based

Sample
INT: n = 22
54.5% girls
CON: n = 22
50.0% girls

Intervention
Length (total min)
12 wks (540 min)

Facilitator:
INT: Parents, researchers
CON: N/A

Overall aged 9 - 12
mo
Zoghi et al (2015)
Iran

Quasi-experiment

INT 1: n = 16
CON 1: n = 15
CON 2: n = 15
Overall 48% girls;
mean age = 34 mo

Intervention Groups and
Facilitator
INT: Home-centered MotherInfant Interaction Program
CON: No treatment

3 mo (unclear)

INT: Enriched Motor
Affordance Intervention
environment
CON1: attending daycare
CON2: Not attending daycare

Intervention Content
INT: once a week for 45 min of
activities to improve interaction
mother / infant including game
activities promoting infant's
cognitive, language, social,
emotional, fine motor and gross
motor
INT: 36 sessions in an enriched
motor affordance environment

Fine Motor Measure
and data collection
Denver Developmental
Screening Test, 2nd
edition (DDST II)

Retention and Results

Data Collection: 0, 12
and 15 wks

RET: Unclear
INT > CON: FM subdimension pre- post
(p=.001)
INT decrease follow up
(p=.004)

Denver Developmental
Screening Test, 2nd
edition (DDST II)

RET: Unclear
INT > CON: FM
(p=.017; d=0.14)

Data collection: 0, 3 mo

Facilitator:
INT: Unclear
CON: Unclear
RCT, randomized controlled trail; mo, months; y, years; wks, weeks; INT, intervention groups; CON, control group; N/A, not applicable; min, minutes; VABS-C, Vineland Adaptive Behavior Scales-classroom
Edition; PDMS-2, Peabody Developmental Motor Scales-2; The Beery VMI, The Beery Developmental test of Visual-Motor integration; BAS II, British Ability Scales II; DTVP, Developmental Test of Visual
Perception; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency; M-ABC-2, The Movement Assessment Battery of Children-version 2; DDTS, Denver Developmental Screening Test; RET, retention; FM, fine
motor skills; VMI, visual-motor integration skills; VP, visual perception; MD, manual dexterity; VM, visual-motor; MC, motor coordination
a Sample information only available after retention
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4.3.3 Risk of Bias Within Studies
The risk of bias analyses is presented in in Table 4.3. Interrater reliability
for the risk of bias assessment between the authors indicated an overall good
agreement for all 279 items (percentage agreement 89%,  = 0.80). Baseline
characteristics were presented and statistically tested in 23 of the 31 studies
(Axford et al., 2018; Bayona et al., 2006; Bhatia et al., 2015; Brown, 2010; CaseSmith, 2000; Dibek, 2012; Erasmus et al., 2015; Golos et al., 2011; Hartinger et
al., 2017; Howe et al., 2013; Janssens & Rosemberg, 2014; Jeon et al., 2016; Lin
et al., 2017; Lust & Donica, 2011; McCormick & Schnobrich, 1971; Ohl et al.,
2013; Pfeiffer et al., 2015; Piek et al., 2013; Pienaar et al., 2011; Ratzon et al.,
2007; Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009; Ulutas &
Aksoy, 2016). Seventeen studies described their randomization process (Axford et
al., 2018; Brown, 2010; Dankert et al., 2003; Gabbard, 1978; Golos et al., 2011;
Hamilton & Liu, 2017; Hartinger et al., 2017; Janssens & Rosemberg, 2014;
Lahav et al., 2008; Ohl et al., 2013; Pfeiffer et al., 2015; Piek et al., 2013; Ratzon
et al., 2007; Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009;
Tzuriel & Eiboshitz, 1992; Ulutas & Aksoy, 2016) and assessor blinding was
reported in nine studies (Axford et al., 2018; Gabbard, 1978; Golos et al., 2011,
2013; Howe et al., 2013; Lahav et al., 2008; Lin et al., 2017; Ohl et al., 2013;
Pfeiffer et al., 2015). The validation of the assessments used was reported or cited
in 29 of the 31 studies (Axford et al., 2018; Bayona et al., 2006; Bazyk et al.,
2009; Bhatia et al., 2015; Case-Smith, 2000; Dankert et al., 2003; Dibek, 2012;
Erasmus et al., 2015; Golos et al., 2011, 2013; Hamilton & Liu, 2017; Hartinger
et al., 2017; Howe et al., 2013; Janssens & Rosemberg, 2014; Jeon et al., 2016;
Lahav et al., 2008; Lin et al., 2017; Lust & Donica, 2011; McCormick &
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Schnobrich, 1971; Ohl et al., 2013; Pfeiffer et al., 2015; Piek et al., 2013; Pienaar
et al., 2011; Ratzon et al., 2007; Ratzon, Lahav, et al., 2009; Ratzon, ZabanehTannas, et al., 2009; Tzuriel & Eiboshitz, 1992; Ulutas & Aksoy, 2016; Zoghi et
al., 2016). The dropout rate was clearly described in 10 studies (Axford et al.,
2018; Case-Smith, 2000; Dankert et al., 2003; Dibek, 2012; Hartinger et al., 2017;
Lin et al., 2017; Lust & Donica, 2011; Pienaar et al., 2011; Ratzon et al., 2007;
Ratzon, Zabaneh-Tannas, et al., 2009) and five studies reported conducting a
power calculation (Golos et al., 2011, 2013; Lin et al., 2017; Lust & Donica,
2011; Zoghi et al., 2016). In one study, the intention-to-treat approach for
analyses was adequately reported and in 16 studies the analyses accounted for
covariates (Bhatia et al., 2015; Brown, 2010; Dankert et al., 2003; Erasmus et al.,
2015; Gabbard, 1978; Golos et al., 2013; Hamilton & Liu, 2017; Janssens &
Rosemberg, 2014; Lahav et al., 2008; Lin et al., 2017; Piek et al., 2013; Pienaar et
al., 2011; Ratzon et al., 2007; Ratzon, Lahav, et al., 2009; Ratzon, ZabanehTannas, et al., 2009; Zoghi et al., 2016). A summary of the results per group or
estimated effect size with precision was reported in 24 studies (Axford et al.,
2018; Bayona et al., 2006; Bazyk et al., 2009; Bhatia et al., 2015; Case-Smith,
2000; Dankert et al., 2003; Erasmus et al., 2015; Golos et al., 2011, 2013;
Hamilton & Liu, 2017; Howe et al., 2013; Janssens & Rosemberg, 2014; Lahav et
al., 2008; Lin et al., 2017; Lust & Donica, 2011; McCormick & Schnobrich,
1971; Ohl et al., 2013; Piek et al., 2013; Pienaar et al., 2011; Ratzon et al., 2007;
Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009; Ulutas &
Aksoy, 2016).

75

Table 4.3 Risk of Bias Assessment in Intervention Studies Examining changes in FM development
Study

Baseline
characteristics
by group

Randomization
described and
completed

Valid
Measure of
FMS

Assessor
Blinding

Drop out a ≤20%
for <6-months and
30% for ≥6-months

Power
calculation

Intention to
treat for FMS
outcomes

Covariates
Accounted for
in Analyses

Axford et al (2018)
Y
N
Y
Y
Y
N
?
Bayona et al (2006)
Y
N/A
Y
N
N
N
N/A
Bazyk et al (2009)
N
N/A
Y
N
N
N
?
Bhatia et al (2015)
Y
N
?
N
N
N
?
Brown (2010)
Y
Y
Y
N
N
N
?
Case- Smith (2000)
Y
N/A
Y
N/A
Y
N
N/A
Dankert et al (2003)
N
Y
Y
?
Y
N
N
Dibek (2012)
Y
N
Y
N
Y
N
N
Erasmus et al (2015)
Y
N
Y
N
N
N
?
Gabbard (1978)
N
Y
?
Y
N
N
?
Golos et al (2011)
Y
Y
Y
Y
?
Y
N
Golos et al (2013)
N
N
Y
Y
N
Y
N
Hamilton et al (2017)
N
Y
Y
N
N
N
?
Hartinger et al (2016)
Y
Y
Y
N
Y
N
N
Howe et al (2013)
Y
N
Y
Y
N
N
?
Janssens et al (2013)
Y
N
Y
N
N
N
Y
Jeon et al (2016)
Y
Y
Y
N
N
N
?
Lahav et al (2008)
N
Y
Y
Y
N
N
N
Lin et al (2017)
Y
N
Y
Y
Y
Y
?
Lust et al (2011)
Y
N
Y
N
Y
Y
N
McCormick et al (1971)
Y
N
Y
N
N
N
?
Ohl et al (2013)
Y
Y
Y
Y
N
N
?
Pfeiffer et al (2015)
Y
Y
Y
Y
?
N
N
Piek et al (2014)
Y
Y
Y
N
N
N
N
Pienaar et al (2011)
Y
N
Y
N
Y
N
N
Ratzon et al (2007)
Y
Y
Y
N
Y
N
N
Ratzon et al (2009) A
Y
Y
Y
N
Y
N
N
Ratzon et al (2009) B
Y
Y
Y
N
?
N
N
Tzuriel et al (1992)
N
Y
Y
N
N
N
N
Ulutas et al (2016)
Y
Y
Y
N
?
N
?
Zoghi et al (2015)
N
?
Y
N
?
Y
?
FMS, fine motor skills; Y, explicitly described and present; N, absent; ?, unclear or inadequately described; N/A, not applicable because of study design
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N
N
N
Y
Y
N
Y
N
Y
Y
N
Y
Y
N
N
Y
N
Y
Y
N
N
N
N
Y
Y
Y
Y
Y
N
N
Y

Summary Results Presented
/ Estimated Effect Size +
precision estimation
Y
Y
Y
Y
Y
Y
Y
N
Y
?
Y
Y
Y
N
Y
Y
N
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
N
Y
N

4.3.4 Measurement of Fine Motor Skills
Fourteen different assessment tools were used across all 31 studies to
measure fine motor skill development. Information on the use of each assessment
is presented in Table 4.4, which was formatted by using data from the 31 included
papers. The most common assessments were editions of: The Beery-Buktenica
Developmental test of Visual-Motor Integration (The Beery VMI; n=14) (Axford
et al., 2018; Bazyk et al., 2009; Dankert et al., 2003; Dibek, 2012; Golos et al.,
2011, 2013; Howe et al., 2013; Lahav et al., 2008; Lust & Donica, 2011; Ohl et
al., 2013; Pfeiffer et al., 2015; Ratzon et al., 2007; Ratzon, Lahav, et al., 2009;
Ratzon, Zabaneh-Tannas, et al., 2009; Tzuriel & Eiboshitz, 1992), the
Developmental Test of Visual Perception – (DTVP; n=6) (Case-Smith, 2000;
Jeon et al., 2016; Lahav et al., 2008; Ratzon et al., 2007; Ratzon, Lahav, et al.,
2009; Ratzon, Zabaneh-Tannas, et al., 2009), the Bruininks-Oseretsky Test of
Motor Proficiency (BOT; n=5) (Lin et al., 2017; Lust & Donica, 2011; Ohl et al.,
2013; Piek et al., 2013; Ratzon et al., 2007), and the Peabody Developmental
Motor Scales (PDMS; n=4) (Bazyk et al., 2009; Case-Smith, 2000; Hamilton &
Liu, 2017; Pienaar et al., 2011).
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Table 4.4 Measurements of Fine Motor Development
Assessment Tool

Description

British Ability
Scales, 2nd edition
(BAS II), copying
subtest

is used to assess the children’s fine motor
skills.

Bruininks-Oseretsky
Test of Motor
Proficiency, 2nd
edition (BOT-2)

is a norm-referenced standardized motorassessment and was designed to assess
children’s motor development by
measuring their gross- and fine-motor
skills. BOT-2 has two versions, a Long
and Short Form, both can be used to
examine the participants’ fine motor
performance.

Age range
(years)

Assessors

Outcome
measure
Fine Motor

Skills tested related to Fine
Motor
subtest Copying

Reliability and validity

Used by

N/A

Brown (2010)

(registered)
Occupational
Therapists or
Occupational
Therapy
graduate
students,
who had
been trained
in the
assessments

Fine Motor
Scale

fine motor precision (e.g.,
cutting out a circle,
connecting dots), fine motor
integration (e.g., copying a
star, copying a square),
manual dexterity (e.g.,
transferring pennies, sorting
cards, stringing blocks), and
upper limb coordination (e.g.,
throwing a ball at a target,
catching a tossed ball)

Fine Manual Control:
Internal consistency = 0.87 (4-yr-olds);
Internal consistency = 0.86 (5-yr-olds);
Test–retest = 0.81 (4- to 7-yr-olds)

Lin et al (2017),
Lust et al (2011),
Ohl et al (2013),
Piek et al (2014),
Ratzon et al (2007)

the author,
and a
secondary,
“blind”
assessor
4 to 21

The Manual Coordination subscale:
test–retest range = 0.62 – 0.79; interrater = 0.98
Quote: “the short form is generally a
reliable and valid measure of general
motor ability.”

Denver
Developmental
Screening Test, 2nd
edition (DDST II)

is a widely used tool for evaluative
screening of fine and gross motor
development in toddlers. The DDTS
subscales included: personal/social,
language, fine motor skills and gross
motor skills.

0 to 6

mother,
fathers or
babysitters
(closely
related)

Fine Motor

N/A

Test re-test range = 0.90 – 0.97;
Interrater range = 0.80 – 0.95

Ulutas et al (2016),
Zoghi et al (2015)

Developmental Test
of Visual Perception,
2nd edition (DTVP2), Korean 2nd
edition (K-DTVP-2)

is a well-constructed and effective
psychometric test frequently used by
paediatric occupational therapists to
identify the visual–perceptual and motor
performance of children.

4 to 8

Authors,
Occupational
Therapists or
a trained
research
team

Visual
Motor
Integration
and Visual
Perception

visual motor Integration
performance: eye–hand
coordination, copying, spatial
relationships, and visual–
motor speed

Test–retest range= 0.71 – 0.86; Testretest total = 0.96; Interrater = 0.98

Ratzon et al (2007),
Ratzon et al (2009) A,
Ratzon et al (2009) B,
Lahav et al (2008),
Case- Smith (2000),
Jeon et al (2016)

Flag Posting Test

involves an apparatus consisting of a
solid hardwood tray covered with clay in
which there are 12 pinholes to post flags.

N/A

Single
trained test
administrator

Fine Motor
control

accuracy, speed, and hand
dominance.

Interrater FM Speed = 0.995, 95%
confidence interval (CI) [.90, 1.00];
Interrater FM accuracy = 0.884, 95% CI
[.65, .94]

Bhatia et al (2015)

78

Table 4.4 Continued
Assessment Tool

Description

Le Roux's Group
Test

determines all aspects of learning
readiness.

Lista de cotejo
(checklist)

is a direct observation checklist, that is,
the progressive development of
increasingly complex skills for more
proficient tasks of daily living and
playing.

Metropolitan
Readiness test-level
1, copying test

is a name copying task as an indication
of eye-hand coordination, a visual
perceptual-motor development skill.

Mullen Scales of
Early Learning

is a widely used individually
administered, comprehensive measure of
cognitive functioning. It assesses the
child’s visual, receptive language,
expressive language and motor skills.
The Visual Reception and Fine Motor
scales reflect cognitive abilities that are
important for a smooth transition to a
school setting. The Fine Motor scale
measures visual-motor ability.

Peabody
Developmental
Motor Scales, Fine
Motor 1st edition
(PDMS-FM), 2nd
edition (PDMS-2)

is a norm-referenced standardized test
measures hand use, eye-hand
coordination and manual dexterity using
typical preschool activities.

Age range
(years)
5 to 7

Assessors

Outcome
measure
Fine Motor
ability and
Visual
Perception

Skills tested related to Fine
Motor
N/A

Reliability and validity

Used by

Quote: “is used in South Africa for
many ECD research Studies as
measuring instrument because of the
validity and reliability of this registered
test”

Erasmus et al (2015)

0.5 to 4

trained
fieldworkers

Fine Motor

N/A

Quote: “used the nationally validated
ECD evaluation instrument, created for
and used by the PNWW. The instrument
has been originally assessed for content
validity by a PNWW-expert panel for
each specific developmental area.”

Hartinger et al (2016)

one person

Fine Motor

name writing

Reliability = 0.88

Gabbard (1978)

0 to 5.7

trained
nurses

Fine Motor
Scale

Visual organization and
discrimination, Fine Motor
control and writing readiness.

N/A

Janssens et al (2013)

0 to 5

trained
research
team

Fine Motor
scale

Grasping and Visual-Motor
Integration evaluate
children’s fine motor skill
performance (e.g. cutting,
building blocks, lacing)

1st edition:
Test retest = 0.80; Interrater = 0.94.

Bazyk et al (2009),
Case- Smith (1999),
Hamilton et al (2017),
Pienaar et al (2011),

N/A
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2nd edition:
Test– retest = 0.93); Interrater 0.98;

Table 4.4 Continued
Assessment Tool

Description

The BeeryBuktenica
Developmental test
of Visual-Motor
integration; 3rd, 4th,
5th and 6th edition
(The Beery VMI)

a norm-referenced standardized test for
children requires the child to draw a
developmental sequence of 24 geometric
forms using paper and pencil. The test
measures Visual motor skills by
examining child's drawings that attempt
to replicate the geometric stimulus.

The Movement
Assessment Battery
of Children, 1st
edition (M-ABC),
2nd edition (MABC-2)

Vineland Adaptive
Behavior ScalesClassroom Edition
(VABS-C)

is a norm-referenced measure that
evaluates manual dexterity, ball and
balance skills in children.

measures adaptive function in the areas
of communication, daily living skills,
socialization, and motor skills for
children.

Age range
(years)
3 to 17
(3th),
2 to 18 (4th
and 5th),
all ages
(6th)

4 to 12

3 to 12

Assessors
Authors,
trained
research
team,
registered
Occupational
Therapists
and trained
assessors

trained
therapist

Teacher

Outcome
measure
Visual
Motor
Integration,
Visual
Perception
and Motor
Coordination

Skills tested related to Fine
Motor
shape formatting, name
writing

Reliability and validity

Used by

3rd edition:
Test-retest = 0.62 – 0.84; Interrater =
0.97; Split-half = 0.74;

Axford et al (2018),
Bazyk et al (2009),
Dankert et al (2003),
Dibek (2012),
Golos et al (2011),
Golos et al (2013),
Howe et al (2013),
Lahav et al (2008),
Ohl et al (2013),
Pfeiffer et al (2015),
Ratzon et al (2007),
Ratzon et al (2009) A,
Ratzon et al (2009) B,
Tzuriel et al (1992)

4th edition:
Test–retest = 0.87; Interrater = 0.94
5th edition:
Test–retest = 0.87 – 0.89); Interrater =
0.92 – 0.94; Internal = 0.88 – 0.92)
and acceptable construct validity

Manual
Dexterity

Fine Motor

level of motor proficiency

The fine motor skills subscale
includes 13 items such as
“[the child] cuts along a line
with scissors fairly
accurately.”

6th edition:
Item separation = 1.00; person
separation = 0.96; Interscorer = 0.93.
1st edition:
Minimum Test–retest = 0.75; minimum
Interrater 0.70
Concurrent validity = 80% agreement
between the M–ABC and the
Bruininks–Oseretsky Test of Motor
Performance
2nd edition:
Test–retest range = 0.86 – 0.91
Quote: “The VABS-C was normed on a
national sample of almost 3,000
children and has high reliability and
content, construct, and criterion
validity.”

Visual-motor
a visual analogue of the auditory subtest
N/A
N/A
Visual
N/A
N/A
sequential subtest of
using pictures and geometric forms used
Motor
the Illinois Test of
as a test of visual attention.
Psycholinguistic
Abilities (ITPA)
Note: This table is formatted only with the information retrieved from the included articles within the systematic review; N/A, not applicable due to missing information within the articles.
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Golos et al (2011),
Golos et al (2013),
Piek et al (2014)

Bayona et al (2006)

McCormick et al
(1971)

4.3.5 Types of Interventions
Most studies included one intervention group and one control group. One
study evaluated two intervention groups with one control group (Lahav et al.,
2008) and one study included three intervention groups and one control group
(Ratzon, Lahav, et al., 2009). There were three studies without a control group
(Bayona et al., 2006; Bazyk et al., 2009; Case-Smith, 2000), four studies with two
intervention groups and no control group (Golos et al., 2013; Howe et al., 2013;
Lin et al., 2017; Ratzon, Zabaneh-Tannas, et al., 2009), and one study with one
intervention group and two control groups (Zoghi et al., 2016). Nine interventions
were facilitated by teachers (Axford et al., 2018; Bhatia et al., 2015; Brown, 2010;
Golos et al., 2011, 2013; Hamilton & Liu, 2017; Pfeiffer et al., 2015; Piek et al.,
2013; Tzuriel & Eiboshitz, 1992), six interventions by Occupational Therapists or
Occupational Therapist students (Bayona et al., 2006; Case-Smith, 2000; Dankert
et al., 2003; Howe et al., 2013; Lahav et al., 2008; Ratzon et al., 2007), two
interventions by researchers (Erasmus et al., 2015; Jeon et al., 2016), two
interventions by parents (Hartinger et al., 2017; Lin et al., 2017), one intervention
by trained professionals/ personnel (Pienaar et al., 2011), seven interventions by a
combination of these experts (Bazyk et al., 2009; Janssens & Rosemberg, 2014;
Lust & Donica, 2011; Ohl et al., 2013; Ratzon, Lahav, et al., 2009; Ratzon,
Zabaneh-Tannas, et al., 2009; Ulutas & Aksoy, 2016), and four intervention
studies inadequately described their facilitators (Dibek, 2012; Gabbard, 1978;
McCormick & Schnobrich, 1971; Zoghi et al., 2016). The intervention length
varied from eight weeks to 16 months with an average duration of approximately
23 weeks (5.3 months). Three studies completed child assessments on three timepoints (Golos et al., 2013; Piek et al., 2013; Ulutas & Aksoy, 2016), for two of
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these studies it was classified as follow-up assessments (Piek et al., 2013; Ulutas
& Aksoy, 2016). Five studies provided unclear descriptions of the estimated time
and/or duration of the intervention (Bayona et al., 2006; Jeon et al., 2016; Ratzon,
Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009; Zoghi et al., 2016).
Three studies were inconsistent when reporting their intervention time spent per
participant, which resulted in a total calculated estimation time of more than 83
hours (Bhatia et al., 2015; Hartinger et al., 2017; Janssens & Rosemberg, 2014).
The average intervention time of the remaining 23 studies was 20 hours (range 9 –
35 hours).
Eleven studies implemented an intervention program that mainly focused on
fine motor skill activities (Axford et al., 2018; Bhatia et al., 2015; Dibek, 2012;
Howe et al., 2013; Jeon et al., 2016; Lahav et al., 2008; Lin et al., 2017; Pfeiffer
et al., 2015; Ratzon et al., 2007; Tzuriel & Eiboshitz, 1992; Zoghi et al., 2016),
nine studies implemented fine and gross motor skill activities (Dankert et al.,
2003; Erasmus et al., 2015; Gabbard, 1978; Hamilton & Liu, 2017; Lust &
Donica, 2011; McCormick & Schnobrich, 1971; Piek et al., 2013; Pienaar et al.,
2011; Ulutas & Aksoy, 2016), one study used only gross motor activities but still
reported fine motor skill outcomes (Brown, 2010), and one study provided only
consultant visits (Bayona et al., 2006). There were nine interventions programs
combining motor activities with consultancy protocols (Bazyk et al., 2009; CaseSmith, 2000; Golos et al., 2011, 2013; Hartinger et al., 2017; Janssens &
Rosemberg, 2014; Ohl et al., 2013; Ratzon, Lahav, et al., 2009; Ratzon, ZabanehTannas, et al., 2009).
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4.3.6 Evidence for Outcomes
Twenty studies reported statistically significant intervention effects on fine
motor skill outcomes (e.g. fine or visual motor) (Bazyk et al., 2009; Bhatia et al.,
2015; Brown, 2010; Case-Smith, 2000; Dibek, 2012; Gabbard, 1978; Golos et al.,
2011; Hamilton & Liu, 2017; Janssens & Rosemberg, 2014; Jeon et al., 2016;
Lahav et al., 2008; Lust & Donica, 2011; McCormick & Schnobrich, 1971; Ohl et
al., 2013; Piek et al., 2013; Pienaar et al., 2011; Ratzon et al., 2007; Ratzon,
Lahav, et al., 2009; Ulutas & Aksoy, 2016; Zoghi et al., 2016). Of these, nine
studies reported significant intervention effects on fine motor (Bhatia et al., 2015;
Brown, 2010; Gabbard, 1978; Janssens & Rosemberg, 2014; Lin et al., 2017; Lust
& Donica, 2011; Piek et al., 2013; Ulutas & Aksoy, 2016; Zoghi et al., 2016),
seven studies on visual motor (Dibek, 2012; Golos et al., 2011; Hamilton & Liu,
2017; Jeon et al., 2016; Lahav et al., 2008; McCormick & Schnobrich, 1971;
Ratzon, Lahav, et al., 2009), and four studies on both fine and visual motor
(Bazyk et al., 2009; Case-Smith, 2000; Ohl et al., 2013; Pienaar et al., 2011).
Furthermore, Tzuriel and Eiboshitz (1992) found a positive effect on visual motor
integration and Hartinger et al. (2017) on fine motor, although they provided no
test of statistical significance. Lin et al. (2017) and Axford et al. (2018) were the
only two studies that used a touch-screen tablet intervention and compared this
with a typical fine motor activity group. Lin et al. (2017) found significant
differences as a result of a decrease of fine motor integration and manual dexterity
in the touch-screen group, and an increase in the fine motor activity group.
Conversely, Axford et al. (2018) presented significant differences in motor
coordination in favor of the touch-screen (i.e., iPad) group compared to control.
Additionally, they found a significant increase on visual motor integration for
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both iPad and control group. Six studies reported no statistically significant
intervention effects on fine motor skill outcomes (Bayona et al., 2006; Dankert et
al., 2003; Golos et al., 2013; Howe et al., 2013; Pfeiffer et al., 2015; Ratzon,
Zabaneh-Tannas, et al., 2009). Five out of these six studies used the Beery VMI
assessment (Dankert et al., 2003; Golos et al., 2013; Howe et al., 2013; Pfeiffer et
al., 2015; Ratzon, Zabaneh-Tannas, et al., 2009). Nonetheless, The Beery VMI
was also used in six studies that did show significant intervention effects in six
studies (Axford et al., 2018; Bazyk et al., 2009; Dibek, 2012; Golos et al., 2011;
Lahav et al., 2008; Ohl et al., 2013). Ratzon and colleagues (2009) found
significant improvement in both the intervention and control group but no
differences between groups. Erasmus et al. (2015) found an increase of fine motor
skills in both the intervention and control group, however, the increase in the
control group was significantly greater. Still, their intervention showed a
moderate effect on the overall test results and visual perception.
Thirteen short-term (range 9 weeks – 5 months) (Axford et al., 2018;
Brown, 2010; Dibek, 2012; Gabbard, 1978; Hamilton & Liu, 2017; Lahav et al.,
2008; Ohl et al., 2013; Piek et al., 2013; Ratzon et al., 2007; Ratzon, Lahav, et al.,
2009; Tzuriel & Eiboshitz, 1992; Ulutas & Aksoy, 2016; Zoghi et al., 2016) and
ten long-term (range 6 – 13.2 months) (Bazyk et al., 2009; Bhatia et al., 2015;
Case-Smith, 2000; Golos et al., 2011; Hartinger et al., 2017; Janssens &
Rosemberg, 2014; Jeon et al., 2016; Lust & Donica, 2011; McCormick &
Schnobrich, 1971; Pfeiffer et al., 2015) interventions were effective at increasing
fine or visual motor development. Five short-term (range 8 weeks to 5 months)
(Bayona et al., 2006; Erasmus et al., 2015; Howe et al., 2013; Pfeiffer et al., 2015;
Ratzon, Zabaneh-Tannas, et al., 2009) and three long-term (8 and 16 months)
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(Dankert et al., 2003; Golos et al., 2013; Lin et al., 2017) yielded intervention
effects that were not significant or had opposite effects. Only one study reported
significant sex differences, with boys scoring significantly better than girls on the
fine motor skills outcome (Piek et al., 2013).
4.3.7 Meta-analyses of Intervention Effects
A variety of assessment tools were included for the fine motor outcome
data; i.e. BOT-2, DDST II, Le Roux's Group Test and BAS II. Assessment tools
included for visual motor comparison were The Beery VMI (all editions), PDMS2 and Visual-motor sequential subtest of the ITPA. For manual dexterity three
assessment tools were included; i.e. M-ABC, M-ABC-2, and BOT-2. Lin et al.
(2017) had two interventions groups, the typical fine motor activity group was
classified as intervention and the touch-screen tablet group as control to be
comparable with other studies. However for Axford et al. (2018) this was the
opposite, due to their clear description of which group was the experimental
group (i.e. iPad) and control group (i.e. fine motor activities). Random effects
models were used for all analyses due to the substantial heterogeneity for fine
motor and visual motor outcomes and the minimal heterogeneity for manual
dexterity outcomes among the interventions. The meta-analyses showed
moderated effect sizes for fine motor outcomes (SMD = 0.68, 95% CI 0.39 –
0.96, Z = 4.61, p < 0.00001; Figure 4.3), visual motor outcomes (SMD = 0.57,
95% CI 0.37 – 0.76, Z = 5.73, p < 0.00001; Figure 4.4) and manual dexterity
(SMD = 0.52, 95% CI 0.24 – 0.80, Z = 3.65, p = 0.0003; Figure 4.5). For visual
motor outcomes a funnel plot was made to assess bias, presented in Figure 4.6.
The funnel plot revealed three studies outside the 95% CI lines, which suggest
possible bias (Dankert et al., 2003; Jeon et al., 2016; Tzuriel & Eiboshitz, 1992).
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Figure 4.3 Meta-analyses comparing the intervention effects on Fine Motor outcome (Fine motor,
Fine Motor Precision & Fine Motor Integration).

Figure 4.4 Meta-analyses comparing the intervention effects on Visual Motor outcome (Visual
Motor, Visual Motor Skills & Visual Motor Integration).

Figure 4.5 Meta-analyses comparing the intervention effects on Manual Dexterity.
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Figure 4.6 Funnel plot indication publication bias for Visual Motor outcome (Visual
Motor, Visual Motor Skills & Visual Motor Integration).

The funnel plot for the fine motor outcomes and manual dexterity were not
produced as the meta-analyses included less than 10 interventions (Sterne et al.,
2011).

4.4 Discussion
The purpose of this systematic review and associated meta-analyses was to
describe and evaluate the efficacy of motor skill intervention programs on fine
motor skill outcomes in typically developing children aged birth to six years.
Overall, twenty-five of the 31 studies reported positive intervention effects on fine
motor skill outcomes. Furthermore, the meta-analyses revealed moderate effect
sizes of motor skill programs on fine motor, visual motor and manual dexterity
outcomes. The findings are promising, however need to be interpreted with
caution due to the high risk of bias in many of the studies.
Fine motor skill promotion is an upcoming research field, supported by the
majority of intervention studies (n=20) that have been published in the last 10
years. Overall, there were substantial differences between intervention settings,
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facilitators, length and content. Only four (13%) studies were delivered at home,
whereas 24 (78%) were delivered in a school-based setting. Twenty-seven studies
adequately described the facilitators of the interventions, and six different
facilitators were identified (i.e. led by teacher, Occupational Therapist or
Occupational Therapist students, parent, researcher, trained personnel or a
combination of these). Seven of the nine teacher-led, three of the six Occupational
Therapist-led, and six of the seven combined-led intervention programs were
efficacious. The other five studies were led by parents, researcher or trained
personnel. Positive intervention effects were found in one of the two parent-led,
one of the two researcher-led, and in the only trained personnel-led programs.
Hence, future studies should carefully consider the setting and facilitators of the
intervention as this can play an important role in positively impacting child
outcomes.
Furthermore, neither the sample size nor the length of the intervention
appeared to play a part in enhancing the likelihood of revealing positive results.
All studies with a sample size larger than 80 participants (n=11) and an additional
14 studies (70%) with a sample size smaller than 80 were found to have a
significant effect. Both short-term (<6 months) and long-term (>6 months)
interventions showed positive effects. Although many of these interventions are
successful, questions are raised about the long-term effects of such interventions.
Only two studies collected follow-up data to evaluate the effects after the
intervention period. The first study showed an increase in fine motor skills from
post-test to follow-up (6 months), however the control group also showed an
increase in fine motor skills and therefore, no significant difference between
groups was found (Piek et al., 2013). The second study showed that the
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intervention effects fade out three weeks post-intervention (Ulutas & Aksoy,
2016). It is also possible that the lack of sustainability is caused by the ongoing
costs of implementing an intervention after support from professionals ceases.
Based on these limited findings, it will be important to examine additional
methods to enhance children’s fine motor development in a sufficient and
sustainable manner.
Although clear differences for program content exist, discrepancy between
fine and/or gross motor activities and/or consultancy was made to categorize
content diversity. Intervention programs that incorporated fine and/or gross motor
activities revealed to have a high change of increasing children’s fine motor skills.
Consultancy visits alone do not appear to increase children’s fine motor skills
effectively (Bayona et al., 2006). This suggests that to increase children’s fine
motor skills, intervention programs need to at least implement fine and/or gross
motor skill activities to be valuable.
Many of the studies reviewed used occupational therapy models as the
content of the intervention. These models included indirect services (e.g.
consultancy with parents/ educators) and direct services (e.g. group and/ or
individual fine or gross motor activities) (Bazyk et al., 2009; Case-Smith, 2000;
Golos et al., 2011, 2013; Hartinger et al., 2017; Janssens & Rosemberg, 2014; Ohl
et al., 2013; Ratzon, Lahav, et al., 2009; Ratzon, Zabaneh-Tannas, et al., 2009).
Few studies reported the theoretical framework for or pedagogical approach of
their interventions (Lahav et al., 2008; Ratzon et al., 2007; Tzuriel & Eiboshitz,
1992). For example, Tzuriel and Eiboshitz (1992) intervention (Structured
Program of Visual-Motor Integration) was based on three theoretical domains: (1)
those that emphasize visual-motor development, (2) those that stress the need for
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visual-motor mastery as a basic preschool skill and (3) mediated learning
experience theory (i.e. structured stimulating experiences within the child’s
environment) (Tzuriel & Eiboshitz, 1992). Another theoretically motivated
intervention was conducted by Ratzon et al. (2007) based on motor learning
theories (i.e. the practiced tasks should be as similar as possible to the required
assignment) and multisensory theory (Ratzon et al., 2007). Although these two
interventions were based on different theoretical frameworks, both were effective
in increasing visual motor outcomes (Ratzon et al., 2007; Tzuriel & Eiboshitz,
1992). This is likely due to the increase of fine motor-related practices and
experiences in both programs. Lahav et al. (2008) compared two interventions
using different pedagogical approaches with a control group. One intervention
(Directive Visual Motor Intervention (DVMI)) was based on the theory of Ratzon
et al. (2007) while the other (Nondirective Supportive Intervention (NDSI)) did
not incorporate any specific fine motor activities. Interestingly, the NDSI was the
most effective in increasing visual motor integration outcomes (Lahav et al.,
2008). Future research is needed to clarify the optimal theoretical and pedagogical
approaches to increase fine motor skills. This will assist researchers and
practitioners when selecting programs to support children’s outcomes.
It is difficult to pinpoint strong associations between the intervention
characteristics and the effectiveness of the intervention because of the differences
in interventions designs and methodology. The current meta-analyses found
promising medium effect sizes for the majority of the included studies. The
overall effect size for visual motor was slightly higher than fine motor and manual
dexterity. These results should be interpreted with caution however, due to the
low heterogeneity and high risk of bias between studies found within the meta-
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analyses. Interestingly, two studies within the meta-analyses were found to have
negative effect sizes, which indicates that those interventions had a lower increase
of children’s fine/visual motor performances compared with the control groups
(Dankert et al., 2003; Erasmus et al., 2015). Not only the suggested bias found in
the funnel plot of the meta-analyses needs to be considered carefully, this review
also found high risk of bias in most studies. Even though baseline characteristics
were well-described, a valid measurement tool was used and a summary of results
was presented, less than one-third of the studies sufficiently defined assessor
blinding, drop out methodology, power calculations and the intention-to-treat
analyses.
4.4.1 Strengths and Limitations
This study is the first review that evaluates the effects of motor skill
interventions on fine motor skill development of typically developing children in
the early years. This review has various strengths: (1) alignment with the
PRISMA Statement (2) extensive search of multiple databases with large
inclusion criteria and no date restriction, (3) robust systematic search
methodology and comprehensive study inclusion details, (4) large percentage of
agreement between authors within full text screening and risk of bias analyses.
Yet, the results of the review need to be interpreted carefully due to the following
limitations: (1) the search was restricted to English journal articles only, (2) the
high risk of bias in numerous included studies (Table 4.4), (3) meta-analyses for
manual dexterity included only three studies of which two studies were from the
same author, (4) substantial differences in study methodology (e.g. intervention
content, measurement tool use) which made it difficult to compare study results.
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4.4.2 Implications for Future Research
Fine motor skills are key for children’s early development. More research is
needed to establish strong evidence based pedagogical approaches and
intervention components, which are associated with increasing children’s fine
motor skill abilities. In addition, due to the large range of terminology that is
linked with fine motor skills, a theoretical review of the literature might assist to a
better understanding of fine motor acquisition. Not only is evidence-based
research needed to help better understand fine motor development as a whole, but
future intervention studies should also consider various strategies such as; setting
and facilitators, sample size, content, assessment and measurement period. More
specifically, studies should value the collaboration between researchers and
intervention facilitators; as most studies in this review were conducted within
educational settings, teacher and researcher interactions are important to support
each other to optimize the effects on children’s development. It is also important
to conduct and report on the sample size calculations to ensure appropriate
statistical analyses are completed. Furthermore, studies should clearly describe
intervention content and components to ensure intervention programs can be
easily compared, which can help to comprehend the methodology to effectively
promote fine motor development in the early years. As presented in this review,
there is a large variety of assessment tools available and only few studies reported
on follow-up data. Therefore, future studies should thoroughly reflect on the
assessment tool and measurement period they select. In that way, future reviews
and meta-analyses will be able to compare intervention effects more accurate and
examine long term intervention effects.
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4.5 Conclusion
It is highlighted by this review that fine motor development in the early
years is an extensive upcoming field of interest by many researchers worldwide.
This review paper presents evidence on the positive effects of intervention
programs that aim to enhance fine motor skills for young children. However,
results must be treated with caution due to the high risk of bias found in many
studies. This review also identifies that there is a large variability between study
settings, designs and methodologies. Nonetheless, many of the interventions were
shown to increase children fine motor skill performances. Given the robust
associations between fine motor skills and other domains of learning and
development (Cameron et al., 2012; Oberer et al., 2017; Son & Meisels, 2006),
future research is needed to examine high-quality intervention programs with
long-term follow-up.
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Foreword to Chapter 5
Study 2 (Chapter 4) reviewed interventions targeting fine motor skills in
children over the past decades. The meta-analysis showed positive effects on
children’s fine motor skills from most of these programs. It highlighted the
importance of fine motor skills and participation in motor activities to safeguard
adequate development for children’s fine motor skills.
Even though the findings from Study 2 revealed a many interventions
programs were effective in improving fine motor skills, many children are still
experiencing fine motor problems (Study 1). There is a gap in the uptake and
sustainability of interventions, as well as universal programs to support children’s
fine motor development. As seen in Chapter 4, most studies were completed
within the early years educational setting with teachers being actively involved as
facilitators, due to the large proportion of children enrolled in these settings
before formal schooling. Therefore, it is important to explore what educators
believe is needed to better support children’s fine motor progression prior to them
implementing programs that aim to improve children’s fine motor skills.
The third study (Chapter 5) explored the current needs of early childhood
educators, as well as their understanding of and supportive practices for early fine
motor development. It is expected that providing educators with supportive
materials that they request and believe in might increase the longevity of its
usage, and therefore, children’s sustainable developmental progression.
The following chapter presents the work (excluding abstract and reference
list) as submitted to the Early Childhood Education Journal (Strooband, Okely,
Vasseleu, Neilsen-Hewett, & de Rosnay, Under Review).
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Chapter 5
Qualitative paper: Early childhood educators
understanding and practices supporting fine motor
development
5.1 Introduction
Fine motor skills are vital for young children’s daily experiences and play
an important role in school readiness and early school success (Cameron et al.,
2012; Grissmer et al., 2010; Son & Meisels, 2006). The importance of children’s
fine motor development is documented within several early years frameworks,
where it is considered foundational for children’s self-awareness and
independence (DEEWR, 2009; Office of Head Start, 2015). Fine motor skills are
also strongly correlated with other domains of children’s learning and
development including, but not limited to, gross motor skills, executive
functioning and school attainment (Cameron et al., 2012; Grissmer et al., 2010).
As such, the early years represent a critical time for the development and
demonstration of children’s emerging fine motor abilities.
While the significance of fine motor development is reflected in the
Australian Early Years Learning Framework (DEEWR, 2009), which suggests the
need for educators to foster its early development, educators and parents consider
children’s motor development as less important than other aspects of development
(e.g. language, behaviour, school readiness) at four to five years of age (McLeod
et al., 2018). When children experience difficulties in fine motor development,
educators demonstrate a lack of awareness around how to support children, for
example through the use of occupational therapy services (Jackman & Stagnitti,
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2007). This evidence is concerning given that almost one in four Australian
children aged three to five years from vulnerable communities experience fine
motor difficulties (Strooband, de Rosnay, & Okely, 2020). Despite the availability
of efficacious interventions for supporting early fine motor development, the
uptake of such programs is limited (Strooband, de Rosnay, Okely, et al., 2020).
This, along with the absence of a universally adopted approach to supporting
early fine motor development, potentiates a need to investigate additional
strategies to support the development of children’s early fine motor skills.
In Australia, approximately nine out of ten children are enrolled at ECEC
the year before formal schooling (AIHW, 2020). Therefore, ECEC settings can
impact a large proportion of children’s fine motor skill development at an early
age. Within the early years context, early childhood educators are responsible for
providing children with learning and developmental opportunities (DEEWR,
2009), as they work directly with young children on a daily bases. Literature
suggests that educators competences (e.g. attitude, skill and knowledge) are
positively linked to their pedagogical practices (e.g. interactional performance)
(Fukkink & Lont, 2007). High quality practices are, in particular, needed to
effectively impact children’s learning and development outcomes. While
professional learning and intervention program have great potential to positively
impact educators knowledge and practices (Fukkink & Lont, 2007), it is important
to explore their current understanding of child development components (e.g. fine
motor skills). To date, little is known about early childhood educators knowledge
and practices in relation to fine motor development. Even less in known on
educators’ perceived needs to optimize their teaching strategies and capabilities to
impact children’s fine motor development.
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The overarching aim of this study thus seeks to explore current needs
around supporting fine motor development within ECEC. To do so, identification
of early childhood educator’s knowledge and embedded practices in relation to
children’s fine motor development was necessary. Greater understanding of
educators fine motor conceptualization, as well as their observation and support
methods may highlight implications for future research and inform intervention
development in this area. Specifically, the following research questions were
addressed to investigate the primary purpose of the study:
1. What do educators know regarding early fine motor development?
2. How do educators support children’s fine motor development?
3. What do educators perceive as their current needs in relation to supporting
early fine motor development?

5.2 Methods
5.2.1 Participants
Six preschool or long-day care centres participated including nine early
childhood educators (100% female), working with children aged 3 to 5 years.
Centres were located within regional and metropolitan areas across New South
Wales, Australia. Centres were recruited based on history of children’s fine motor
performances from data collected in a previous study (Strooband, de Rosnay, &
Okely, 2020). To obtain diversity between eligible centres, the percentage of
children with fine motor difficulties within each centre were calculated and used
for selection. Centre variability integrated a range from 2.8% to 50% of children
with fine motor difficulties. All centres were located in an areas of socioeconomic
disadvantage (e.g. Index of relative Socio-economic Advantage and Disadvantage
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score range 880 to 974 (ABS, 2008)), due to the aim of the previous study. These
included three centres from the Illawarra region (i.e. 75-90km from Sydney); one
from the South Coast (i.e. 180km from Sydney); and, two from the North Coast
(i.e. 730-810km from Sydney). The six room leaders, who were in charge of daily
structures (e.g. programming and planning), were invited to participate in one-onone interviews. Room leaders all had a Bachelor Degree, an average of 21 years
of teaching experiences (range 11 – 35 years) and employed at the centre for an
average of 17 years (range 5 – 29 years). This study was approved by the Human
Research Ethics Committee at the University of Wollongong (HE2018/049).
5.2.2 Data Collection Procedure
This qualitative study utilized a multiple case study design, which
incorporated three types of qualitative data (i.e. researcher observations, educator
journals and educator semi-structured interviews). This study focused on
educators’ understanding, practices and needs in relation to children’s fine motor
development.
Observations. For each centre two times four-hour “fly-on-the-wall”
observations were conducted across two consecutive days (i.e. one morning and
one afternoon session). Prior to commencing the first observation two researchers
met with the centre director to explain the focus of the observations. The
observations focused on fine motor resources, activities, educator practices and
other intentional or incidental experiences that support fine motor development
(e.g., routine experiences such as self-service during lunch time). Observations
were recorded in the form of detailed researcher notes using a study specific
observation template. These templates reflected on fine motor experiences
throughout the day and recorded the focus, description, completion time, role of
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educators and child of the experience. Additional notes and potential
supplementary interview questions were also documented within the template.
Environmental audits were completed by both researchers on both days to ensure
all resources were logged. Observants did not discuss any findings during the
observations, however to ensure interrater reliability, observants compared their
findings immediately after the observations to discuss discrepancies.
Reflection journals. Prior to observations educators were asked to keep a
reflection journal over the subsequent three days. The journals provided detailed
information on their daily fine motor activities, practices and future ideas for
promoting fine motor development. It was expected that the journal should take
no more than 20 minutes per day to complete.
Interviews. Semi-structured interviews were held within one week after
completion of the observations and journals. Interviews were conducted in person
or via telephone depending on educator preference and proximity to the research
hub. Interviews were held with the room leader and followed general standardized
questions, as well as several centre specific questions that where formed during
the observations. Each interview lasted approximately 20 minutes and focussed
on (a) their understanding of fine motor development (i.e. importance,
antecedents and development), (b) experiences and their practices to support fine
motor development in their centre, and (c) educator needs to optimize their
support strategies. Each interview was audio recorded for transcription and
analyses.
5.2.3 Data management and Analyses
Thematic analysis of the interview, journal and observation data were
conducted following the guidelines outlined by Braun and Clarke (2006). The
99

audio files from each interview were transcribed verbatim. First all data were
anonymized and the lead researcher familiarized himself with the complete data
set by multiple readings. Second, initial codes were generated throughout the
entire data set, which were used to create a preliminary thematic map and to
provide meaning to the extracted data. One of the co-authors (EV) critically
reviewed this process to confirm consistency between the initial codes, raw data
and thematic map. After refinement of the data, authors discussed raw data and
themes to align these with the aims of this research. Third, the finalized higherorder themes incorporating the raw data were presented to all co-authors followed
by an analytical review process to ensure the trustworthiness and precision of the
themes and data. Fourth, the lead researcher and co-authors (EV; CNH)
conducted cross-case analyses to explore similarities, differences and patterns
between the participating centres and educators in relation to the research
questions and its themes. Finally, once all authors agreed on the defining of
higher-order themes, the first author organised the themes and prepared the
manuscript aligned with the three research questions. During this process, the coauthors critically reviewed the manuscript and integrated regular meetings to
carefully evaluate the rational, accuracy and interpretation of the data.

5.3 Results
The results are reported in accordance with the three research questions: (1)
educators’ knowledge of fine motor development; (2) educators’ practices and
experiences utilised to support fine motor development; and, (3) educators’
perceived needs as they relate to supporting fine motor development in ECEC.
Each research question is presented and discussed within the following sections,
including themes, subthemes and tables with supportive evidence. For
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confidentially considerations, participants (P) names were coded P1, P2 to P6 and
data for centres were coded the same (e.g. C1 to C6). All six centres participated
in the 2-day observations with an average of five-hour observations per centre.
Journals were completed and returned by four (C1, C2, C3 and C4) out of the six
centres. Five room leaders took part in the interviews, including three face-to-face
interviews (P1, P2 and P3) at the educators’ centre and two telephone interviews
(P4 and P5).

5.3.1 Research question 1: What do educators know regarding early fine
motor development?
Analyses revealed increasing complexity in educators understanding of fine
motor skills with responses falling across three main themes: 1.1 fine motor as
related to hand function; 1.2 fine motor as central to learning; and, 1.3 Context of
development and Child characteristics. Evidence in the form of data extracts is
reported in Table 5.1.
Fine motor as related to hand function
At a foundational level, educators characterised fine motor skills by their relation
to discrete movements of the hand and/or finger muscles (1.1.1, 1.1.2). In
elaborating these definitions, educators demonstrated descriptive variance in how
they operationalised children’s fine motor skills. While some educators focused
on discrete skills (e.g., coordination, dexterity) (1.1.3), others primarily
characterised fine motor skills in terms of their specific use (e.g., drawing,
writing, cutting) (1.1.4) or function (e.g., purposeful play) (1.1.1). In this sense,
educators demonstrated a hierarchical understanding of fine motor development
wherein definitions of fine motor referenced the behaviour, function and/or skill.
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Fine motor as central to development
Educators identified fine motor development as being linked with other key
learning outcomes including: autonomy, cognitive development and gross motor
development. While some educators described a causal relationship between fine
motor development and other developmental domains, others identified fine
motor development as an outcome of development in these other areas.
Autonomy. Educators identified fine motor development as essential to
children's ‘independence’ (1.2.1) and ‘self-help skills’ (1.2.2) when it comes to
everyday learning situations (e.g., dressing up, opening their lunch boxes). This
was reflected in daily journals whereby educators noted how self-help skills
support children’s independence (1.2.3). During observations educators were seen
to provide extensive opportunities for children to practice these self-help skills
independently during structured and unstructured routines.
Cognitive development. Although several educators (P3 and P5)
demonstrated an emerging understanding and recognition of the link between fine
motor and cognitive development, the perceived nature of this relationship
differed (1.2.4). Whereas P3 described a bidirectional relationship between fine
motor and cognitive development (e.g., “I also think of fine motor skills being
connected to the cognitive development of the child as well – I think they both
play a massive role with one another; they go hand-in-hand.”), P5 identified
cognition as influential for children’s fine motor abilities (1.2.4).
Gross motor development. Both P3 and P5, identified gross motor
development as being positively related to children’s fine motor development
(1.2.5, 1.2.6). This view was not universally endorsed, however, with other
educators’ seeing an inverse relationship,
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We need to pay more attention to children who have strong interest in gross motor
activities. They often lack the focus that fine motor skills require in a play-based program
like ours with independent choices. I find that many children who like to play outside
(mostly) lack fine motor control (C1 journal).

Context of development and Child characteristics
Educators identified children’s fine motor abilities as being influenced by
both contextual factors and factors inherent to the child. Contextual factors
included the type and availability of resources and opportunities to engage fine
motor skills. Factors inherent to the child included chronological age, children’s
interests and physical capabilities. While these factors were seen as playing both a
faciliatory and adverse effect, there was a tendency for educators to view these as
leading to fine motor deficits as opposed to strengths.
Contextual environmental influencers. All centres were observed allocating
a considerable amount of time to fine motor skill activities within structured and
unstructured experiences, more on these within research question 2. Educators
identified the nature, availability and use of resources in the environment as
influential to children’s fine motor development (1.3.1). During interviews
educators identified resources such as drawing materials as supportive of fine
motor development while other resources such as technological devices were seen
as detrimental to children’s fine motor development (1.3.2). In terms of the ECEC
context, educators noted a lack of active engagement with resources (despite their
availability) as problematic for the development of children’s fine motor skills.
This explained why during observations educators ensured that resources were
available and visible for children constantly during the day. Focusing on the home
learning environment, educators perceived a lack of supportive resources (1.3.3)
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and the use of technological devices in the home (1.3.4) as negatively impacting
children’s fine motor development.
Child inherit factors. Educators identified a number of child-related factors
as influencing individual differences in children’s fine motor development.
During interviews, each educator identified the interests of the child as influential
to their fine
motor development. That is, where children are not interested in experiences
that require the utilisation of fine motor skills, they may lack these skills (1.3.5).
Similarly, educators noted children’s engagement with fine motor tasks as being
influenced by their learning dispositions. For instance, a child may be more likely
to persist in a fine motor activity where they feel confident and capable (1.3.6).
Children’s physical development (e.g., muscle tone) and/or chronological age
were also highlighted by some educators as influential to their fine motor
development (1.3.7, 1.3.8).
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Table 5.1 Evidence for research question 1: What do educators know regarding early fine motor development?
1.1
1.1.1

1.1.2
1.1.3
1.1.4

1.2
1.2.1
1.2.2
1.2.3
1.2.4

1.2.5
1.2.6
1.3
1.3.1
1.3.2
1.3.3
1.3.4

1.3.5
1.3.6
1.3.7
1.3.8

Data Extract
Fine motor as related hand function
Fine motor development is the children able to understand what their hands can do and their
fingers and the potential to build up those muscles to enable them to engage in play that is
purposeful to them.
Anything to do with the fine muscles of the hand, I suppose.
Anything really that requires children to use fine motor skills; to use strength and coordination,
dexterity.
I think about is pencil grips and things like that; being able to draw, write, use utensils like
scissors … button up clothes, zip up clothes, take clothing on and off, undo containers, those
sorts of things.
Fine motor as central to development
Just being able to be independent I guess, and when we look at the age that our children are, the
more developed their fine motor skills are, then the more independent they can be.
Yeah, so those self-help skills, just being really aware that this actually a learned… not just a
practical, independent thing but it actually is a physical thing that they’re learning to do.
Supporting independence through self-help skills e.g. dressing and undressing shoes on and off
and socks.
It also has got to do with their cognition of understanding how to play and the purpose of, as I
said, that relates to the outcomes of “If I use the scissors in a certain action, they cut paper and
then, with that paper, I can also use sticky-tape to roll the paper and then I can also use a
paintbrush to make it beautiful and put paint on that paper”.
Whether that be gross or fine motor but usually they go sort of hand-in-hand.
You have to have a strengthened core so that you’re able to use those fingers and hand muscles
appropriately
Context of development and Child characteristics
We often assume that children will development fine motor control just by being in an
educational setting like ours.
Smart board - it’s like using their fingers to do the same things and it doesn’t require any
strength to do that. (1; interview)
That’s also to do with environmental factors where some children mightn’t have the availability
to have lots of pencils and crayons at home.
If they’re given free time, they use their screen as their enjoyment, their relaxation, their play
time, whereas I guess, you know, years ago, children would sit with a tub of Lego or Duplo or
puzzles.
You realise that even children that are here who haven’t engaged with certain activities just
because of their personal interests, they sort of lack strength and dexterity.
The attitudes towards learning and the attributes, that says “I can” attitude, “I can do it.
They might have a physical development, they might have – I can’t even think of the condition
– a low muscle tone.
I would look at their age. When they’re one and two years old, they’ll hold a pencil with the
whole hand then, eventually, by the time they’re five, they should actually have quite a refined
grasp.

Source
P5 (interview)

P3 (interview)
P1 (interview)
P2 (interview)

P1 (interview)
P3 (interview)
C3 (journal)
P5 (interview

P3 (interview)
P5 (interview)

C1 (journal)
P1 (interview)
P5 (interview)
P2 (interview)

P1 (interview)
P5 (interview)
P3 (interview)
P2 (interview)

5.3.2 Research question 2: How do educators support children’s fine motor
development?
Educators’ fine motor supportive practices and experiences were interpreted
from all three data sources, which allowed for an understanding of educator
perceptions of practice (i.e. interview and journal) as well as objective measures
of practices (i.e. observations Triangulation of data between sources suggests both
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areas of concordance and disparity between educator reported and observed
practice. From these data the following themes were identified: 2.1 assessment
and differentiated learning opportunities; 2.2 direct teaching of fine motor; 2.3
indirect teaching of fine motor; and 2.4 referral for specialist support. Evidence is
presented in Table 5.2.
Assessment, Differentiated learning opportunities and Referral
Several educators noted an increasing trend of children with fine motor skill
problems (2.1.1, 2.1.2). However, their formal strategies to actively track
children’s fine motor development, including assessment, providing differentiated
learning experiences and actively utilizing specialist support were limited.
Assessment. Five out of five interviews revealed centres using different
assessment method, based on their own use and knowledge, to keep track of
children’s development. These included informal observations (P1 and P3),
documentation (e.g., notes;P1, individual stories;P2 and photography;P3 and P5),
educator developed checklists (P3 and P4) and summative assessment regarding
transition to school (P1). Assessments were often developed by the centre, and
therefore, not evince based. Although educators were not observed using these
assessments during observations, this is likely because such evaluations were
reported as being used only a few times a year and often only when they
suspected fine motor deficits,
Where there’s a lack of skill, I would do an individual story or document around that and I
would give the family some information around what would be normal for that age, like
what they should be able to do, particularly around a grasp for a pencil or scissors I don’t
do a formal observation on fine motor skill development in children who are really capable
because I think it’s already a given that they are already achieving those sorts of things. I
guess it’s just being aware of what is developmentally… like a milestone – what should
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they be able to do at the age of four and five so that we don’t have too great an expectation
as well (P2 interview).

There was no systematic approach to assessment across all centres and often were
not consistent across all children within the centre, due to use as a response to
perceived need or delay.
Differentiated learning. Assessments assist educators with getting a better
understanding of children’s fine motor capacities and capabilities, and to build
differentiated learning experiences. While there was the informal use of
assessment, this was not used (with the exception of one centre) to inform
planning and pedagogy. One educator identified that post assessment the
information is used to inform their program and plan experiences that support
specific fine motor abilities (2.1.3). Additionally, three centres used scaffolding to
assist children’s fine motor skills (C1;C3;C5), which connected to their informal
assessment methods of observing and then stepping in to support children’s
learning.
Referral for specialist support. When children do get evaluated and
demonstrate fine motor skill difficulties, several educators indicated utilizing
referrals to specialists. These included occupational therapists (P2), paediatrician
(P3) and community health specialist (P4) to further support children’s fine motor
development. Only one educator identified an active use of specialists (2.1.4),
who visited and supported the centre when children are showing developmental
delay, including fine motor development.

Direct teaching of fine motor
Educators acknowledged and displayed various pedagogical teaching
practices to directly support children’s fine motor development. Teaching
107

practices included both intentional and incidental teaching opportunities and
incorporated both educator- and child-initiated experiences.
Intentional and incidental teaching. Fine motor development occurred
within the context of both planned intentional teaching and spontaneous incidental
experiences. Educators identified multiple intentional teaching strategies such as
verbal explaining, modelling, engaging and questioning (2.2.1). Intentional
teaching strategies were used by educators as motivators for children’s
participation (2.2.2) and as a way of transferring knowledge regarding children’s
abilities (e.g., fine motor strength and techniques) (2.2.3). Several educators also
highlighted they spontaneously (i.e. incidental teaching) embraced children’s fine
motor performances. While during observations it was difficult to perceive if
educators were intentional or incidental, observations showed that all educator
applied varies strategies within their practices (e.g., scaffolding, encouragement
and praising),
Educator provided prompts and encouragements to children regarding pouring their own
drinks during afternoon tea: “Do you pour your own drink at home?... No? Well, this will
be good for you… Well done mate!” (C5 observation).

Intentional and incidental teaching strategies were often applied and documented
as a cooperative approach when supporting children’s fine motor development
(2.2.4). While some educators’ views on supportive strategies were limited (P2
and P3), during the observations it was witnessed that all educators were
frequently, intentionally or incidentally, supporting children’s fine motor
development.
Adult-initiated and child-initiated experiences. The way educators supported
children’s fine motor development was generally dependent on the context of the
fine motor activities (e.g., child or educator initiated, structured or unstructured
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activities). Some centres were mainly focussed on free play opportunities (C1, C4
and C6), and therefore, displayed lower levels of intentionality. Other centres
concentrated more on sustainable educator led experiences in groups or one-onone to intentionally support specific fine motor skills (e.g., writing skills, object
manipulation skills) (2.2.5), which created purposeful learning experiences. It was
also observed that in some centres (C2 and C3) had child-initiated adult extended
experiences, which again purposely supported children’s fine motor development.
While most of the fine motor experiences were undertaken at an individual level,
several educators indicated fine motor skill development can be performed in a
group based setting (P1;P4;P5). These collaborative experiences were either done
to let children learn from each other (2.2.6) or to attract children to a fine motor
activity (2.2.7).
Structural supports of fine motor
Educators were observed spending a lot of their time setting up and
engaging with a broad variety of fine motor experiences during the day. Educators
identified the constructing of fine motor experiences should be based on the
interest of the children within a resourceful classroom environment. While all
centres had a resource rich environment, observations suggested lack of
knowledge on the effective use of some of the available resources.
Resources availability. All six classrooms and outdoor areas were rich with
educational resources that can support children’s fine motor development. All
centres were observed providing children with independent access to resources
during indoor and outdoor activities, often low shelving or pre-set up tables
included a large variety of equipment to engage with. During one interview, the
importance of independent access was highlighted, so children are able to make
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their own choices (2.3.1). The environmental audits only represented an outline of
available resources at the time of observations, which did not included the large
amount resources from storages spaces seen at all the centres.
Routine Experiences. There was a large range of routine fine motor
experiences available for children to participate in during the day, these include:
object manipulations (e.g., puzzles, Lego, magnets); creative arts and writing
(e.g., scissors, charcoals, brushes); and, self-help skills (e.g., dress up, self-service
at lunch). First, object manipulation experiences were one of the most discussed
activities and incorporated a large variety of tasks: threading, weaving, lacing,
pegging, building, construction (e.g., hammering nails and Lego), play-do, clay,
puzzles, games, and the manipulation of scissors and pencils. Educators showed
sophisticated knowledge around what object manipulation experiences children
should have available to foster fine motor development and the importance of
practicing these consistently,
We also have a lot of construction; small construction that they have to use really fine… a
lot of dexterity – their whole hand or wrist, they have to move them quite a lot more and
then to put those small pieces together so we tend to do that and it’s there all the time (P1
interview).

Second, various creative arts and writing experiences were discussed and seen as
supporting fine motor skills, including: shredding; cutting; pasting; writing;
tracing; drawing; and, painting. Several educators indicated linking such
experiences to specific themes helped to build interest for the children and their
participation (2.3.2, 2.3.3). Practicing these types of fine motor skills, such as
writing, were also recognized as important for the children transitioning to school
(P1). Third, most educators indicated and were observed using fine motor
experiences based on practical real-life experiences (i.e. self-help skills), such as
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getting dressed, tidying up, hanging up washing or artwork, turning on taps,
preparing food, and self-serves at lunchtime (e.g., pouring drinks, using tongs).
These fine motor tasks were suggested to support children’s independency (2.3.4),
which linked back to the association educators made between fine motor and
children’s autonomy.
Table 5.2 Evidence for research question 2: How do educators support children’s fine motor development?
2.1
2.1.1

2.1.2
2.1.3

2.1.4
2.2
2.2.1
2.2.2

2.2.3
2.2.4
2.2.5
2.2.6

2.2.7

2.3
2.3.1
2.3.2
2.3.3
2.3.4

Data Extract
Assessment and Differentiated learning of fine motor
I’m finding that today we’re seeing more and more children’s fine motor skills
diminishing and not being as progressive as they were say 10 years ago even, in the early
childhood scene.
We are observing a growing number of children who struggle to hold and use
scissors/pencils.
I just make a few notes of things that I noticed that they might not be doing very well or
that is stopping them from going forward in something that they like particularly and then
try to plan activities for when I start my programming time – I just try to design some
activities and experiences that they’re going to show me what they know and then I’ll plan
from it.
We have got an occupational therapist, a speech therapist and a play facilitator that
actually come out to the centre.
Direct teaching of fine motor
Repetition and encouragement to persevere, questioning - how did you do that? Show
me…, modelling and encouragement to continue working, and instructions’.
We try and sit at a table with them and model them because if they see us doing it then
they’re more inclined to want to come and join in, particularly if we’re giving some kids
attention so they want it.
It’s all scaffolding, so we do a lot of Play-Doh and clay modelling as well and just
understanding the strength and the pressures and the techniques that we need to use.
Scaffolding and engage children through intentional and spontaneous play experiences.
Two must do activities during structure fine motor development time.
One thing that I focus on a lot is that instead of me teaching them all the time, to get them
to teach each other in a group. They really love thinking that they know something that
they can share
I tend to do that as a large group because when they see their friends doing it, then they’re
more inclined to do it rather than take them away from what they’re interested in, like
playing.
Indirect teaching of fine motor
Our shelves are kind of independent access so they can go and get anything – the scissors,
the staplers; we have everything in there – tape dispenser.
We do a lot of crafts around nature to either with pinecones or gumnut painting.
The children enjoyed threading beads onto the "caterpillars" body. There was cutting
strips of paper to paste onto our mother’s day craft.
“Independence of fine motor is important to be able to self-act.”
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Source
P3 (interview)

P2 (journal)
P1 (interview)

P3 (interview)

C1 (journal)
P4 (interview)

P5 (interview)
C3 (journal)
C5 (observation)
P1 (interview)

P4 (interview)

P1 (interview)
P5 (interview)
C4 (journal)
P5 (observation)

5.3.3 Research question 3: What do educators perceive as their current needs
in relation to supporting early fine motor development?
It was important to identify what educators believe they require to better
support children’s fine motor development. Educators identified the need for
more resource and innovative ideas, professional learning and objective tools to
assess fine motor. Evidence in the form of data extracts is reported in Table 5.3.
Provision of resources and innovative ideas. Even though centres were
observed having an abundance of resources, some educators perceived a need for
more resources. In combination with more resources, educators indicated that they
would benefit from innovative ideas to effectively use the resources to support
children’s fine motor development (3.1.1, 3.1.2) and to encourage children to
participate (3.1.3). This included both ideas to be incorporated in the early years
classroom and to be shared with the families to increase fine motor participation
at home (3.1.4).
Provision of professional learning. During the interviews, all educators
indicated they had not participated in any specific fine motor professional
learning related to children’s development (3.1.5). They all showed interest in fine
motor professional learning, if this was available. Specifically, training that would
focus on how to better observe and assist children’s fine motor skills (3.1.6) and
professional learning to support educators understanding of fine motor
development (3.1.7). While educators had good understanding of fine motor
development and its experiences, professional learning could assist educators their
intentionality of fine motor practices, and its effective support of children’s
development.
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Objective tools to assess fine motor. Educators used informal assessment
strategies to observe and evaluate children’s fine motor skills (see 2.1 Assessment
and differentiated learning). However, they indicated the need for additional
strategies to better assess children’s fine motor development, either through
external assessors (3.1.8) or formative assessment tools,
“I think probably tools would be good. It sort of reassures us if we have a tool that we can
use. You know what I mean – you’re using it and you can see more specific, “Oh this
should be happening at this time” or “What can we do if this is not happening for this
child” and then with ideas on what we could use to develop, I don't know, scissor skills or
writing skills – just the writing as big hand actions for writing but I think because we have
an open-ended kind of program. (P1 interview)

The assessment strategies that were currently used by educators were often
developed by the centre, therefore an evidence based tool for educators has
potential to support their understanding on children’s fine motor progression even
better.
Table 5.3 Evidence for research question 3: What do educators perceive as their current needs in relation to
supporting early fine motor development?
3.1.1
3.1.2
3.1.3
3.1.4

3.1.5
3.1.6
3.1.7

3.1.8

Data Extract
Ideas are always good – simple ideas that are really cost-effective are always good in early
childhood services.
Change up activities more often, I would like more ideas.
It’d be nice to have some ideas and suggestions and strategies that we could use to
encourage children to do more fine motor skills but I say “boys” mostly.
It would be good for us to get some current research, current information that’s out and
particularly then, I mean a huge part of our job that we do – it’s not just working with
children – but actually resourcing families.
Nothing specific that I can think of that’s been based just on fine motor skills.
I’d like some training on how to help children and identifying means because sometimes I
think I don’t really know what I’m looking for, like it’s basic what I’m looking for.
Maybe we have a narrow view of fine motor skill development in that just simply the
things that I’ve been talking about, you know, so maybe having a more comprehensive
look at what fine motor development is and what it entails would be helpful.
Especially fresh eyes are also good because if there’s something that staff haven’t perhaps
picked up on and then you get a fresh set of eyes in.
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Source
P5 (interview)
C4 (journal)
P1 (interview)
P2 (interview)

P3 (interview)
P4 (interview)
P2 (interview)

P3 (interview)

5.4 Discussion
This study investigated the current needs for ECEC educators to improve
their abilities to support children’s fine motor skills effectively. To do so, the
study also had to examine the understanding and current practices of fine motor
development from educators in New South Wales, Australia. All participating
educators understood that fine motor skills included the incorporation of hand and
finger movements. Educators tended to refer more towards fine motor actions
instead of competences throughout the study, which might be linked to the high
amount of fine motor experiences and practices seen throughout a day at
childcare. While there were plentiful resources and experiences for children,
ECEC settings were lacking the provision of developmentally sensitive
assessment strategies, and the adoption of an individually tailored approach.
While educators showed a willingness to learn, explore and develop their
knowledge and practices around fine motor development, this sat alongside a need
for improved supporting strategies by innovative activity designs, professional
learning for educators and the use of formative assessment tools.
Educators mainly conceptualized fine motor development as hand and
finger related skills, while the current literature also highlights the importance of
visual aspects (i.e., eye-hand coordination) (Luo et al., 2007; Strooband, de
Rosnay, Okely, et al., 2020). The findings suggested that educators lacked deeper
understanding of fine motor development, due to the importance of the visual
integration aspect they were missing within fine motor development. In line with
the literature, some educators were able to link fine motor development with
several other areas of development (e.g., cognition and gross motor skill)
(Wassenberg et al., 2005), however the foundation of these relationships were not
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mentioned. This could explain why educators mostly discussed fine motor
development through a lens of deficits rather than talking about the strengths and
advanced skills. Interestingly, one centre showed profounder knowledge around
fine motor development and its links was the only centre who received regular
support visits from a specialist (e.g. Occupation Therapist). Occupational therapy
services (e.g., practice of fine motor activities, consultancy with educators) are
known to increase children’s fine motor skills (Case-Smith, 2000; Golos et al.,
2013), and this study also displays the importance of Occupational Therapist on
educators knowledge.
When educators deliberated on fine motor development and its impact
factors, they were mostly focussed on poor fine motor development. While doing
so they seemed to remove themselves as a main influencer of fine motor delay
and strongly focus on external factors (e.g., the home environment, technology,
the children’s interest and capacities). Nonetheless, it was observed that most of
the day children spend participating in fine motor activities at the ECEC centres
and educators identified this as important for children to improve their fine motor
skills. Educators felt that the home environment plays an important role to
children fine motor delay and have seen, over time, less “hands-on” fine motor
activities at home due to the influence of technology. There is robust evidence
showing that participation of fine motor activities fosters children’s fine motor
skills (Strooband, de Rosnay, Okely, et al., 2020), yet the literature on the impacts
if technology-based fine motor tasks is limited. Several studies have investigated
the effects of technology compared to typical fine motor activities and the results
were conflicted, including positive (Axford et al., 2018) and negative (Lin et al.,
2017) effects of technology usage. Despite educators acknowledging the use of
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technology as detrimental to children’s fine motor, especially at home, the
majority of centres were observed actively using technology (e.g., iPad [C3],
smart board [C6] or interactive tables [C1 and C4]). Educators were supporting
families by providing them with resources to take home, and as such increase fine
motor experiences at home. The encouragement of resources at home might help
children’s development, however, educators did not recognize the skill and
engagement of the parents (i.e. parent – child interaction).
In this study, educators supported children’s fine motor development
through various practices and fine motor experiences. Fine motor skill activities
were one of the most observed activities throughout the day at childcare, which is
in line with previous research (Marr et al., 2003). Children had countless
opportunities to engage with a large variety of fine motor experiences, either
intentionally set up by educators or chosen by the children themselves. The role of
the educator also plays an important role to effectively support children’s abilities,
by applying both intentional and incidental teaching strategies (DEEWR, 2009).
Educators in this study expressed and were observed implementing various
pedagogical practices, however during the fine motor activities there was lack of
intentionality regarding differentiated learning experiences for children
individually. Even when the room leader was extremely passionate about fine
motor development, which might have led to increased motivation to incorporate
fine motor activities, the individually tailored learning practices were still limited.
The lack of professional learning opportunities around fine motor skills, identified
by all educators, can explain in part why there were limited individual learning
practices that were intentional set up to support children’s fine motor
development.
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Early childhood centres were inherently set up to support children’s fine
motor development with the resources they have, and ECEC centres had an
abundancy of fine motor resources available. What was seen in this study was
educators overlooked deeper understandings on how they can use these resources
to really effectively support children’s progression. For example, there was an
inherent lack of differentiated fine motor activities within the educational context,
and this may be explained in part by the lack of good observational data or
effective measurement tools that really inform the educators where children are at.
Assessment strategies should be used as an objective measure to track
performance and growth and it allows for educator to then be able to tailor
individual learning practices. Children within this study engaged in free-choice
unstructured fine motor activities a large amount of the time throughout the day.
When educators predominantly use informal assessment approaches, this might
cause some children to be missed during assessment. The current findings showed
informal assessment was used to only observe development rather than to inform
differentiated learning. The disconnect of assessment and planning strategies
might be why educators had limited individual directed practices for the children
who have fine motor difficulties.
Before developing and providing long-lasting supportive programs for
ECEC centres and its educators, it was important to obtain educator’s views on
what they need to support early fine motor development. Educators highlighted
three important factors that they believe can support there fine motor practices:
innovative ideas; professional learning; and, improved assessment measures. To
ensure program implementation, forthcoming fine motor research and
interventions should tailor these requests. Thus, this study shows two potential
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and promising future directions: (1) professional learning opportunities for
educator to assist their understanding and supportive practices (e.g. innovative
ideas) of fine motor; and, (2) the development of a validated formative fine motor
assessment tool that is suitable for educators to use within ECEC centres. The
formative assessment could also incorporate training and interactive learning
strategies (e.g., exchange of ideas between educators) for educators to support
their knowledge of fine motor, and in time indirectly improve children’s fine
motor development.
5.4.1 Limitations
The findings need to be considered in light of some limitations of the
current study. Even though the sample was recruited based on previous data to
portray a broad selection of ECEC centres, this data could not be used within the
analyses due to the time between the two studies. The sample size was relatively
small, however the participated ECEC centres were selected to represent a wideranging sample across the whole of New South Wales. In addition, there were two
missing journals and one missing interview because the ECEC centres were busy
and/or understaffed during the study period. Nonetheless, the data of those centres
were included to optimizes the understanding of various educators’ knowledge,
practices and needs around fine motor development. This study reflected on the
current fine motor practices of ECEC educators and cannot ensure that those
practices effectively support fine motor development as no child measures were
completed. The study is beneficial for researchers and interventionist who seek to
develop future and sustainable approaches to support ECEC centres and their
children’s fine motor development by listening to what educators believe they
need and tailor to this request.
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5.6 Conclusion
The current study provide an overview of early childhood educator’s views
(i.e., knowledge, practices and needs) on fine motor skill development at an early
age. While the deeper understanding of fine motor mechanism and individual
tailored learning experiences were absent, there was a substantial amount of
practices and resources linked to fine motor development and observed within
everyday ECEC services. Educators did however request more innovative ideas,
professional learning programs and assessment tools to increase their knowledge
and supportive practices around fine motor skills. Further research is needed to
examine if such strategies can indeed help educators better their knowledge and
practices, and over time, positively effect children’s fine motor skill outcomes.
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Foreword to Chapter 6
Study 3 (Chapter 5) presented qualitative research on what educators know,
do and require in relation to supporting early fine motor development. It
highlighted current understanding and practices of fine motor skills within ECEC
centres and by educators. Moreover, educators emphasized they would benefit
from more innovative ideas, professional learning and assessment strategies to
better assist children’s fine motor development.
Findings showed that educators had basic understanding of fine motor
development, its links to other aspects of development, and the factors that impact
early fine motor development. Educators believed that ECEC centres were
inherently set up with practices to support children’s fine motor skills,
incorporated within a resource rich environment. Still, they identified more
materials could better their fine motor practices. It was suggested that the lack of
differentiated learning experiences was linked to the limited use of assessment
strategies to understand children’s current fine motor abilities and that there was a
need of professional development for educators. Educators also identified
assessment methods and training as needed to better understand and support
children’s fine motor development.
Chapter 6 (study 4) explored the development and examination of a novel
direct observational assessment approach, including the evaluation of two
ecologically valid fine motor activities. This exploratory study was conducted to
investigate the developmental sensitivity of the two activities, and to develop the
fine motor assessment tool (e.g., usage, practice, scoring etc.). The following
short chapter presents unpublished work describing the developmental phase and
study of the Fine Motor Growth Assessment (FINGA).
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Chapter 6
A novel formative fine motor observational tool: item and
administration exploration of fine motor activities
6.1 The present study
The qualitative data from the previous study (Chapter 5) examined early
years educators’ insights of their current understanding, practices and needs
related to children’s fine motor development. Findings indicated that educators
would benefit from more innovative ideas, training and tools to track children’s
development. To value and attend to the requests of the educators, this
exploratory study aimed to investigate two ecological activities where children
have the opportunity to demonstrate various fine motor abilities. Preliminary data
from these activities was used to develop and explore a novel assessment of
children’s fine motor skills.
These activities were expected to be the foundation to observe and assess
children’s fine motor skills for the new assessment. This study provided insights
on the feasibility and accessibility of the activities, and as such modify and
optimize the final design of the tool, necessary for implementation of a fine motor
assessment and its subsequent evaluation and validation (Chapter 7). The
overarching aim of the study was to develop a new observational formative
assessment tool that can be used by researchers, and over time educators, to
examine children’s (3 – 5 years of age) fine motor skill development. More
specifically, this study: (1) collected exploratory data on preschoolers responses
to two ecological activities from which to identify appropriate qualitative and
quantitative indicators that can be used to develop a direct and developmentally
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sensitive fine motor assessment; and, (2) developed a direct and developmentally
sensitive Fine Motor Growth Assessment (FINGA) tool that can be used by
researchers.

6.2 Methods
6.2.1 Participants
Four local ECEC services from the Illawarra Region, New South Wales, Australia
were recruited. Each ECEC targeted between 15 to 20 children aged between 3
and 5 years to participate. For both activities a target sample of 20 children for
each age group (i.e. 3-, 4- and 5-year-olds) was sought, aiming at a total sample of
60 children per activity. Inclusion criteria for children were: parent or caregiver
consent for their child’s participation; and children verbally assent to participate.
6.2.2 Procedure
This study used a qualitative design to observe children’s fine motor
abilities in response to the two fine motor activities. Collected data yielded
information on the fine motor abilities and components that can be elicited during
the activities, how these abilities can be solicited and the developmental
continuum for each of the core fine motor abilities. The children’s responses to
these activities were used to develop a direct assessment of children’s fine motor
skills (FINGA). The University of Wollongong Human Research Ethics
Committee approved all study procedures in January 2019 (2018/553).
Prior to data collection, the initial two activities were development through:
(1) a comprehensive review of the current fine motor literature; (2) consultation
with child development research experts; (3) consultation with experienced and
highly qualified early childhood educators; and (4) practice of specific
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components with preschool aged children prior to testing within preschool
settings.
Data were collected at ECEC services and children were invited to
participate in both fine motor activities on the same day. The first activity was
constructed as an individual child-based activity and the second activity
approached children in a group-based setting. The activities proceeded until
completion of the activity or 20 minutes had elapsed (whichever was first). As
activities were developed from common ECEC activities in combination with
standardized educational fine motor assessments, each child was expected to
engage with them in different ways. No specific script was followed for its
implementation. However, the facilitator running the activity (KFB Strooband), in
all cases, was highly trained and experienced in early childhood education and
care, and thus was well placed to administer the activity in a developmentally
appropriate and sensitive manner. During each activity the facilitator took notes of
children’s responses in study specific scoring sheets.
Data collection also included video recordings of children and the facilitator
during the two activities. Video recordings of these activities supported
construction of the activities and FINGA tool. More specifically, the video
recordings were used to: (1) observe and development facilitation procedures; (2)
explore the fine motor abilities that can be observed and assessed during the
activities; (3) construct the FINGA scoring and observations sheets; and, (4) rewatch and rate children’s performance.
6.2.3 Activities
Activity 1: The first activity was developed to observe and rate children’s
writing, drawing, cutting, folding and grasping abilities. The objective for the
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child was to build a paper plane with the facilitator. For this the facilitator
provided the child with a variety of tasks that were needed to create a child unique
paper plane, such as “Can you write your name in the red box?”, “Can you copy
the symbols in the yellow airplane windows?”. The facilitator examined different
methods to see which questions and approaches fitted best during this activity
(e.g. presenting a model of the end-product on the table, modelling tasks and
variation of verbal explanation of tasks). Minor variations were made for each age
group to increase the level of difficulty.
Activity 2: The second activity was developed to observe and score
children’s object manipulation, visual perception, finger strength and motor
coordination skills. This activity was designed as a realistic game-like activity
with the objective to replicate building designs presented on cards. The facilitator
ran the activity with a maximum of three children at once. The activity had three
different components; bricks (i.e., LEGO), blocks and threading. For each
component a variety of goal cards were created (e.g., 14 for bricks, 21 for blocks
and 14 for threading), which progressed in difficulty during the activity. For each
goal card, children were provided with the materials they needed to replicate the
card. Children were given breaks in between components if the activity took
longer than 20 min or when children were visibly fatigued or distracted.
6.2.3 Assessment development
Children were not administered any specific assessments as part of this
study. Rather, this study aimed to develop a direct observational assessment tool
on the basis of the date gathered on how children responded with these common
preschool activities. Therefore, video recordings were used to design and trial
observational assessment methods. After completion of Activity 1 the facilitator
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took a picture of the end-product for later scoring purposes. During Activity 2 the
facilitator recorded the completion for each card (e.g., “Yes” = child is able to
replicate the design and “No” = child is not able to replicate the design) and took
detailed notes using a form especially developed for the activity, as presented in
Appendix K. These results together with video recordings were used to develop
and trial observational assessment protocols, as well as modification and
improvement of both activities.
6.2.4 Data analysis
The goal of data analysis was to derive a developmental continuum for each
of the above-noted fine motor indicators. For instance, for Activity 1, how long
does it take on average for a 3, 4 and 5-year-old to complete the whole task? What
kind of pencil works best for this activity? What is the best way to explain each
task? In the second activity, how long does it take to complete one-goal card on
average for a 3, 4 and 5-year-old child, and does this decrease with age? How
long does each age group persist until they give up? Additionally, for Activity 2,
descriptive analyses and linear regression models were used to explore how many
and which design card were needed to represent a sensitive developmental
continuum for each component.

6.3 Results
6.3.1 Participants
In total, parents of 53 children (53% female, average age 4.3 years)
consented for their child to participate. Twenty children were 3-years old, 27 were
4-years old, and six children were 5-years old. Data were missing for two children
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regarding Activity 1 and four children regarding Activity 2; these children did not
verbally assent to partake in the activities.
6.3.2 Activity 1
Activity 1 took between 5 to 14 minutes to complete depending on the
capabilities of the child. Activity 1 was found to be a feasible activity to be part of
the FINGA tool. Children understood the tasks required and enjoyed participation.
Minor amendments to the activity were made to improve the developmental
sensitive of the activity. For example, when children highlighted that they do not
know how to write their name, the facilitator printed their name so they could
copy the letters.
6.3.2 Activity 2
The three components (i.e. bricks, block, threading) within Activity 2 were
separated for majority of the children into three separated sessions, due to the time
it took for children to replicate all the design cards. Fourteen brick designs took
on average 14 minutes to complete, 21 block designs an average of 16 minutes
and 14 threading designs an average of 17 minutes. However, it was discovered
that many of the threading designs were inadequate or incomplete as the children
were not able to thread these, and therefore gave up.
Descriptive statistics were completed to examine if the difficulty of the
design cards had appropriate milestones. Crosstab analyses were done to check
for similarity between designs. Linear regression models were run to investigate
the progression of age per component.
Bricks. In total, 7.5 design cards out of 14 were correctly replicated. Data
showed a good progression over age, with older children completed more cards
accurately. Crosstabs between designs indicated that some cards had high
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similarity, up to 83.7%. Of the 14 cards, six cards were carefully selected by
difficulty and progression to represent an optimal developmental continuum for
the component (see Table 6.1). There was a good statistical progression and it
also made sense visually: BR1 = 2D with 3 Bricks, BR3 = 2D with 4 bricks, BR7
= 2D with 5 bricks, BR9 = 3D with 4 bricks, BR14 = 3D with 5 bricks, and BR11
= 2D with 6 bricks.

Six Brick
Cards

BR1
BR3
BR7
BR9
BR14
BR11

3 year old
mean score
.89
.56
.44
.29
.27
.12

4 year old
mean score
1.00
.91
.83
.57
.35
.30

5 year old
mean score
1.00
1.00
.75
.75
.63
.50

All ages
mean score
.96
.80
.67
.50
.37
.27

Six Block
Cards

BL5
BL9
BL12
BL6
BL20
BL21

1.00
.78
.53
.33
.20
1.00

1.00
.96
.74
.74
.39
1.00

1.00
1.00
.63
.75
.63
1.00

1.00
.90
.65
.59
.37
1.00

Five
Thread
Cards

Table 6.1 Completion rates for the selected goal cards from Activity 2

TH2
TH6
TH8
TH12
TH13

.64
.40
.43
.33
.00

.88
.62
.83
.80
.50

1.00
1.00
.50
.33
.80

.82
.61
.67
.58
.47

Card Code

Blocks. A total of 14.7 design cards out of 21 were correctly replicated.
Data showed a good progression over age, with older children completed more
cards accurately. Crosstabs between designs indicated that some cards had high
similarity, up to 91.8%. Of the 21 cards, six cards were carefully selected to
represent an optimal developmental continuum for the component (see Table 5.1).
There was a good statistical progression for the ages 3 and 4, Age 5 does not
show logic progression, due to high scoring overall. Visually it made sense: BL5
= simple 4 Blocks vertical, BL9 = window 5 block vertical and horizontal, BL12
= puzzle 5 block vertical and horizontal, BL6 = balance 4 block horizontal, BL20
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= house 7 block vertical and horizontal, and BL21 = 8 block creativity task. Two
selected cards did not differentiate between the age groups (i.e. BL5 and BL12),
yet BL5 was selected as an example card and BL12 was selected to measure
creativity of the children. The creativity measure was removed as it did not show
significant foundation within the assessment.
Threading. These analyses were performed slightly different due to high
amount of missing data. In total, 63.5% of the offered design cards were
replicated correctly. Data showed a good progression over age, with older
children having completed more cards accurately. Of the 14 cards, five cards were
carefully selected to represent an optimal developmental continuum for the
component (see Table 5.1). There was a good statistical progression, however for
visual validity reasoning TH6 and TH8 were swapped: TH2 = 3 big beads, TH6 =
3 big, 1 medium bead, TH8 = 3 big, 2 medium beads, TH12 = 3 big, 2 medium, 1
small bead, and TH13 = 1 big, 2 medium, 3 small beads.

6.4 Tool development and future research
From the video recordings, appropriate qualitative and quantitative
indicators were identified to develop a functional and developmentally sensitive
fine motor assessment that needs further evaluation and validation. The
development of the FINGA tool was completed through: (1) analyses of the video
recordings of this study including extensive observations of children’s fine motor
skills (2) a comprehensive review of the current fine motor literature; (3)
investigation of various validated fine motor assessments; (4) consultation with
child development research experts; and, (5) consultation with experienced and
highly qualified early childhood educators. For both the activities, two scoring
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sheets were developed presenting an indication based on the results of the child
(e.g., quantitative), and ratings based on observations of the tasks and the
performance of children’s fine motor abilities. Appendix N presents the first draft
of the FINGA tool, including its use, activity descriptions and the scoring sheets.
The fine motor abilities anticipated to be captured in the FINGA based on
child observations were: fine motor precision; fine motor integration; bilateral
coordination: motor coordination; pencil grips; grapho-motor skills; object
manipulation; fine motor speed; and, creativity (Appendix N, see FINGA
observer scoring sheet). Scoring sheets were developed for both Activity 1 and
Activity 2 as supportive materials for the observational scores. Future research is
needed to examine if the FINGA tool can be used to validly measure children’s
fine motor development.

6.5 Conclusion
This study sought to investigate children's responses to two ecologically
situations that provided them an opportunity to demonstrate their fine motor
abilities. The activities showed great potential to capture diverse fine motor
abilities, however, adjustments of the activities were required to enhance the
developmental sensitivity of the activities. This study also aimed to develop a
formative assessment tool that could be freely accessible, acceptable and
actionable by practitioners. Using collected data, a first draft of the FINGA tool
was successfully developed and further examination was required before its use
by educators. The tool needs to offer practitioners information that can be used
during planning of their evidence-based practices and to keep track of the fine
motor development of the children in ecologically valid settings.
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Foreword to Chapter 7
Chapter 6 (study 4) presented the examination and development of two fine
motor activities that were designed to be the foundation for the FINGA tool.
Study 4 also played in important role in the development of the entire FINGA tool
itself (e.g., procedures and scoring).
Findings from study 4 were used to select appropriate developmentally
sensitive activities. From this information, a direct, observational measure of fine
motor abilities was developed that aimed to: (a) be developmentally sensitive; (b)
be ecologically valid; and (c) be interpretable and that can be used by
practitioners. Minor changes were made to the FINGA tool between the analyses
in Chapter 6 and the design of study 5 (Chapter 7), due to advice from experts and
the trial of the practices.
To ensure FINGA was able to capture children’s fine motor skills
adequately, a validation study was required. Chapter 7 (study 5) aimed to examine
the viability of the FINGA in comparison to two validated fine motor assessment.
This validation study compared children’s fine motor outcomes from FINGA with
a performance-based (e.g., Peabody Developmental Motor Scales 2nd edn.) and an
informant-based fine motor assessment (e.g., Ages and Stages Questionnaire 3th
edn.). It was hypothesised that FINGA would validly capture children’s fine
motor skills, as well as provide additional qualitative information around specific
fine motor abilities for its users.
The following chapter presents the work (excluding abstract and reference
list) as submitted to the Early Education and Development Journal (Strooband,
Howard, Okely, Neilsen-Hewett, & de Rosnay, Under Review).
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Chapter 7
Validity and reliability of a fine motor assessment for
preschool children
7.1 Introduction
From an early age, fine motor skills are necessary for many everyday
activities (e.g., getting dressed, eating, crafts, etc.) and for successful engagement
in early learning experiences that young children are presented. Fine motor skills
consist of actions that require the use of hand or finger movements, along with
visual perception integration that allows hand-eye coordination to ensure an
appropriate physical responses (Luo et al., 2007). Within preschool settings, daily
routines and activities inherently involve opportunities for children to engage in
and practice fine motor skills (Marr et al., 2003). Several studies estimate that
between 10 and 24 percent of pre-school-aged children have fine motor skill
deficits (Bello et al., 2013; Handel et al., 2007; Troude et al., 2011). Despite this
high rate of early fine motor difficulty, there is consistent evidence that
interventions delivered through preschool settings can produce meaningful
benefits for children (Strooband, de Rosnay, Okely, et al., 2020). The high
prevalence of fine motor delay together with evidence of such efficacious
interventions indicates a need for increased awareness and early identification, so
that adequate support can be provided within the context of young children’s
ongoing daily activities.
A systematic review of motor skill interventions and fine motor
development in young children found that, despite variation in programs and
approaches, most intervention programs were successful in promoting fine motor
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skills (Strooband, de Rosnay, Okely, et al., 2020). Importantly, most of these
interventions were implemented in preschool settings and led by early childhood
educators. These findings strongly support the feasibility of bringing about widespread improvements in young children’s fine motor skill development through
educator practices embedded in universal preschool programs. Given that
approximately half of all children world-wide are enrolled in early childhood
education services before age 5 (OECD, 2016), there is great potential to
positively impact young children’s development.
For motor skill interventions to be most effective, however, fine and gross
motor experiences need to be tailored to children’s needs and target skills known
to be predictive of later development (Strooband, de Rosnay, Okely, et al., 2020).
Tailoring experiences requires accurate assessment and differentiation of children
based on ability, which has traditionally depended on the administration of a
variety of measurement tools (e.g., Peabody Developmental Motor Scales, The
Movement Assessment Battery of Children, Bruininks-Oseretsky Test of Motor
Proficiency) by trained personnel. While a wide range of fine motor skill
assessments are available, there are limitations for their use by early childhood
education practitioners, despite the fact that they are most likely to work with
children on a daily basis and are normally responsible for planning and
implementing educational programs. Current motor skill assessments are poorly
suited for this audience as they are decontextualized from children’s everyday
activities, provide little information to educators about the diversity of fine motor
abilities, and are often expensive and difficult to administer or can only be used
by credentialed individuals. Current assessments are also not designed to support
educators so that they become better able to observe and understand the growth of
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children’s fine motor skills across various domains (e.g., fine motor precision,
fine motor integration, bilateral coordination). The opportunity to provide
educators with accurate fine motor skill assessment tools comes at a time when
there is a substantial evidence base documenting positive associations, both
concurrent and longitudinal, between various measures of children’s fine motor
skill and their development in other key areas of learning, such as cognition,
school attainment and gross motor development (Cameron et al., 2012; Oberer et
al., 2017; Strooband, de Rosnay, & Okely, 2020), along with the benefits of early
identification and issuing educational intervention (Oberklaid, Baird, Blair,
Melhuish, & Hall, 2013).
Despite the need and opportunity to better respond to young children’s fine
motor skill development and learning needs, there is a lack of clarity about how
best to describe and assess the various components of children’s fine motor skill.
Several overlapping terms have been used to describe the nature and complexity
of fine motor skill and its components (e.g. manual dexterity, visual motor skills;
see (Strooband, de Rosnay, Okely, et al., 2020), yet there is little empirical basis
to support effective differentiation of these fine motor components by early
childhood educators. This lack of clarity contributes to difficulty identifying
which skills are most indicative of children’s abilities and developmental
outcomes, as well as how to discern whether children’s skills are improving. In
the absence of a shared understanding about children’s developmental attainment
and appropriate tools to evaluate progress, many young children will continue to
have unrecognised difficulties and delays, or their developmental needs will not
be adequately catered to.
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Currently within the literature, there are two predominant approaches to
assess children’s fine motor skills: performance-based tests and informant-based
questionnaires (Matheis & Estabillo, 2018). Performance-based fine motor
assessments usually incorporate numerous structured tasks for which children
must perform activities involving visual motor skills (e.g. drawing to copy an
image), manual dexterity (e.g. threading beads) and motor coordination skills (e.g.
bouncing a ball). The Peabody Developmental Motor Scales (Folio & Fewell,
2000) and Bruininks-Oserestky Test of Motor Proficiency (Bruininks &
Bruinicks, 2005) have been two of the most widely used assessments and both
must be administered by trained examiners, thereby often limiting accessibility of
the tools to specific groups of professionals (e.g., researchers, Occupational
Therapists).
Informant-based assessments collect ratings of children’s fine motor skills
by those who know them well or have multiple chances to observe them; they can
be completed by parents, educators or researchers depending on the instrument
and the context. These approaches are often used for large-scale research due to
time efficiencies and cost-effectiveness. Notwithstanding these advantages, such
methods are less feasible for establishing or evaluating interventions, and they are
less informative when used to differentiate children’s abilities for the purpose of
educational planning or programming (Larkin & Cermack, 2002; Matheis &
Estabillo, 2018). Furthermore, there are suggestions of biases in the results of
informant-based assessment of children’s development given that respondents
(e.g., parents, educators) differ in their understanding of developmental
progression and their ability to accurately situate a child’s abilities along a
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continuum of development (Howard, Neilsen-Hewett, de Rosnay, Vasseleu, &
Melhuish, 2019).
Despite the limitations of current assessment methods, there remain no
validated assessments that focus on utility for those who work directly with young
children in early childhood education and care (including preschool) contexts.
Such an approach would have clear advantages in supporting differentiated
programming while at the same time fostering greater understanding of children’s
fine motor development and associated practices amongst those with an
opportunity to affect change in children’s trajectories and outcomes.
There is therefore a need to develop a scalable, low-cost and embedded way
to support early childhood educators to identify fine motor skill development and
delay, and thereby foster children’s development within the context of ongoing
educational programs. This study reports on the development and initial
evaluation of a novel early years fine motor skill assessment designed for use by
early childhood education professionals but with the aim to match the
psychometric properties of current performance-based assessments. This
observational assessment tool, the Fine Motor Growth Assessment (FINGA), was
designed to measure fine motor skill development in 3 to 5 year old children.
Implementation and evaluation of this tool generated data to: (1) evaluate the
construct validity and internal consistency of FINGA; (2) evaluate its concurrent
validity with performance-based (e.g. Peabody Developmental Motor Scales,
PDMS-2; (Folio & Fewell, 2000) and informant-based tools (e.g. Ages and Stages
Questionnaire, ASQ-3; (Squires & Bricker, 2009); and (3) investigate and
compare developmental sensitivity across the respective measures.
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It was hypothesised that FINGA would: (a) show good construct validity
and internal consistency; (b) correlate strongly with existing measures of fine
motor ability; and (c) indicate good developmental sensitivity. Furthermore, based
on the extant literature which generally shows that girls outperform boys on fine
motor ability assessments (Comuk-Balci et al., 2016; Dinehart & Manfra, 2013;
Strooband, de Rosnay, & Okely, 2020), this study also compared the performance
of girls and boys.
7.2 Materials and Methods
7.2.1 Participants
Ninety-one children aged 3 to 5 years were recruited from seven early
childhood education and care services within the Illawarra region of New South
Wales, Australia. While the study was geographically constrained to the Illawarra
area, the participating services were situated in communities with families from a
wide range of socioeconomic and cultural backgrounds; falling within deciles 1 to
7 on the Australian Bureau of Statistics’ Socioeconomic Indexes for Areas (ABS,
2008). In line with the distribution of ages of children attending these services,
there were comparatively more 4-year-olds (n=41; 43.9% girls) than 3-year-olds
(n=24; 54.2% girls) and 5-year-olds (n=26; 57.7% girls). Participating children
had no formal diagnoses of developmental delay. Prior to data collection,
parent(s) or caregivers provided written informed consent and each child provided
verbal assent to participate.
7.2.2 Measures
Fine Motor Growth Assessment (FINGA)
FINGA was developed to measure fine motor development of children aged 3 to 5
years by observing and rating their performance in two tasks that tapped different
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domains of fine motor skill ability through the completion of various activities:
(1) an individual paper-plane building task, which was designed to engage and
assess fine motor precision, fine motor integration, bilateral coordination, motor
coordination, pencil grip and grapho-motor skills; and (2) a group copying-cards
game task, which was designed to assess fine motor precision, fine motor
integration, bilateral coordination, motor coordination, object manipulation and
fine motor speed. Table 7.1 summarises the FINGA tasks and activities in relation
to eight domains of fine motor skill ability. The tasks and domains were selected
on the basis of a pilot process to evaluate acceptability and psychometric function
of a range of potential items for inclusion. FINGA was designed to be engaging
and consistent with activities and practices that occur in early childhood education
contexts. Children were assessed in a quiet space at their preschool by the first
author, who led the design and development of FINGA. FINGA activities and
scoring protocols are described below.
FINGA Individual Task: Paper-plane. The individual task was performed
one-on-one and engaged children in a series of stepped activities necessitating
writing, drawing, cutting, folding and grasping. To begin, the facilitator displayed
a completed paper-plane model to the child and asked the child if they wanted to
build one just the same (all children agreed they did). Prior to each specific
activity, the facilitator briefly explained the requirement of the task to the child;
e.g., “Do you see the red box up here (point at red-box), can you try to write your
name in the box?” (The script is available on request from first author.) If children
were unsure or hesitated for an extended period, which was rare, they were gently
re-oriented to the task and the activity was explained again. The child had an
assortment of drawing/writing utensils (i.e., pencils and markers) to support
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Table 7.1 FINGA observer rating overview for the individual (Paper Plane) and the group (Copying-Cards) Tasks

Individual

Tasks (and activities)

1. Fine motor
precision

2. Fine motor
integration

4. Motor
coordination

5. Pencil
grip

6. Graphomotor skills

x

x
x

Name writing

x

Drawing yourself

x

x

x

Copying shapes

x

x

x

Copying letters

x

x

x

Cutting a line

x

x

Folding paper

x

x

x

x

x

Throwing plane

Group

3. Bilateral
coordination

7. Object
manipulation

8. Fine motor
speed

Threading

x

x

x

x

x

x

Bricks (Lego)

x

x

x

x

x

x

Blocks

x

x

x

x

x
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their activity but they chose which items to use themselves. Scissors were
handed directly to the children for cutting. The stepped activities of the paperplane creation were as follows: name writing; drawing yourself; copying three
shapes; copying letters; cutting along a line; folding paper along multiple lines;
and throwing the plane. There were minor alterations for each age group (i.e., 3-,
4- and 5-year-olds) to increase the level of difficulty. These included shape
variation (i.e., line, circle, square and triangle) and the orientation of the cutting
line. Table 1 shows which abilities the facilitator explicitly observed during each
task. The duration of this activity varied from 4 to 10 minutes per child.
FINGA Group Task: Copying-cards. The group task was a building game in
which children were presented with a picture of a block design made with
threaded beads, LEGOTM blocks or wooden blocks. Children had to recreate the
design with the relevant materials with complexity of design increasing as the
game progressed. This task was administered in a group incorporating activities
with two children at a time. Building activities proceeded as follows: threading
coloured shapes (4 trials of increasing complexity; i.e., increasing number of
beads and smaller sized beads); building with LEGOTM (6 trials of increasing
complexity; increasing the number of bricks and increasing the size and number
of elements); and building with blocks (6 trials of increasing complexity;
increasing the number of blocks and varying the positioning). As with the
individual task, if children were unsure or hesitated for an extended period, which
was rare, they were gently re-oriented to the task and the step was explained
again. This task took approximately 20 minutes to complete, yielding a duration
of 10 minutes per child.
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FINGA observer scoring sheet. The FINGA observer scoring sheet (see
Appendix N, pages 217-218) was designed for the assessment of eight discrete
components of fine motor ability, (see Table 7.1): (1) fine motor precision
(precise control and accuracy of hand and finger movements); (2) fine motor
integration (use of visual perceptual skill in combination with correct hand/finger
response); (3) bilateral coordination (coordination of both sides of the body
effectively operating simultaneously); (4) motor coordination (combination of
efficient pace and power with hand/finger movements); (5) pencil grip
(competence and technique of grasping and holding a pencil); (6) grapho-motor
skills (capacity of successful writing and drawing); (7) object manipulation (grasp
and control of small object with hands and fingers); and (8) fine motor speed
(time to successful completion of object manipulation tasks).
Each component was scored separately. A brief description of the target
ability and examples of how observations should be used to make ratings of
children’s fine motor performance within the activities were included on the
scoring sheet (see Appendix A). The facilitator rated each child individually,
immediately on completion of the activity. Ratings were on a 5-point Likert scale;
1 indicated an inability to complete the task and 5 indicated excellent proficiency
on the relevant ability.
Although there was some overlap between the two FINGA tasks, each one
only engaged a subset of the fine motor components assessed (see Table 2).
Components 1 to 4 were scored in both individual and group activities.
Component 5 and 6 were only rated during individual activities (i.e., paper plane),
and components 7 and 8 only during group activities (i.e., copying-cards game).
Therefore, both tasks were rated for six fine motor skill ability components, which
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were then used to generate a fine motor score for each task; the average of the six
components for the individual task (i.e., 1-4, 5 and 6) and the group task (i.e., 1-4,
7 and 8). While the properties of children’s responses to these two different tasks
were examined (see Results), there was no a priori reason based on the evidence
to expect that the two tasks would discriminate specific aspects of children’s
abilities and, therefore, the possibility of creating an overall fine motor score (i.e.,
FINGA aggregated score) was examined.

Peabody Developmental Motor Scales – Second Edition (PDMS-2)
The PDMS-2 is a standardized assessment of children’s gross and fine
motor skills from birth through 5 years (Folio & Fewell, 2000). This study only
utilised the fine motor components of the measure, which is divided into two
subtests: grasping and visual-motor integration. The grasping subtest evaluates the
ability to use hands, from holding an object to more controlled use of the fingers
of both hands (e.g., child touches each finger to thumb within 8 seconds). The
visual-motor integration subtest measures the ability to use perceptual skills to
perform eye-hand coordination tasks such as grasping objects and copying
designs (e.g., folding paper in half twice with edges close to parallel). Each test
item is scored as 2, 1 or 0, with specific requirements related to each item and 2
being the best performance. For the purpose of this study, raw scores for grasping
and visual-motor integration, as well as a standardized (un-normed) score
combining grasping and visual-motor integration, were used because of the
interest in age related trends and direct comparison with FINGA (for which there
is not normed data). The PDMS-2 Fine Motor Quotient was calculated on the
basis of the standard scores within the PDMS manual for grasping and visual141

motor integration so as to fully describe the sample. The current sample had a
mean Fine Motor Quotient of 101.57  12.96, which indicated that it was, overall,
a typically developing sample. The PDMS-2 fine motor component has excellent
test–retest and interrater reliability (0.94 and 0.98, respectively; (Folio & Fewell,
2000). PDMS-2 validity has been well established, including internal consistency
( = .89 - .97) and content validity (Folio & Fewell, 2000), as well as concurrent
validity with the Movement Assessment Battery for Children (r = 0.69; (van
Hartingsveldt, Cup, & Oostendorp, 2005). The fine motor components of the tool
adopted for this study took 20 to 30 minutes to complete per child.

Ages & Stages Questionnaires, Third Edition (ASQ-3)
The ASQ-3 is a developmental screening tool of children’s communication,
gross motor, fine motor, problem solving and personal-social abilities (Squires &
Bricker, 2009). The current study only utilised the fine motor subtest, which
consists of six items that vary for each age category (36, 42, 48, 54 and 60
months). For example, “Does your child unbutton one or more buttons?”, which is
only questioned with children at 48 and 54 months. For the purpose of this
research, room leaders and trained researchers completed the fine motor subtest
by scoring six items per child incorporating drawing, copying, cutting and object
manipulation tasks. Assessors scored the items as not yet (0 points), sometimes (5
points) or yes (10 points), based on children’s ability to perform the activity
consistently. The sum of the six items was used as an indicator of children’s fine
motor development. The ASQ-3 has established strong test-retest reliability (ICC
range 0.75-0.82) and moderate inter-rater reliability (ICC range 0.43-0.69), as
well as high overall concurrent validity (e.g. sensitivity = 86.1% and specificity =
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85.6%; (Squires et al., 2009). The ASQ-3 took around 5 to 10 minutes to
complete per child.
7.2.3 Procedure
All assessments were administered in a quiet space in the child’s early
childhood education and care service. Assessments were completed on the same
day (or, where this was not possible, on the next possible day), with a minimum
30-minute break between assessments. The FINGA activities were administered
by the first author. The PDMS-2 and ASQ-3 were administered by experienced
and trained data collectors who were blind to children’s performance on FINGA.
Data collectors had a minimum of 3 years of experience of collecting child
development data using various tools, and for the purpose of this study
participated in a one-day refresher training on the administration of PDMS-2 and
ASQ-3. The FINGA activities were video recorded for the purpose of refining the
FINGA protocols (e.g., scoring components and descriptions). The ASQ-3 room
leader assessment was completed in the week after the researchers’ visit to the
early childhood service.

7.3 Results
7.3.1 Initial data exploration
The final dataset was screened for missing data. Three children did not
participate in any of the measures due to early departure from their service (n=1),
or not providing verbal assent to participate (n=2). Two children were missing
ASQ-3 and PDMS-2 researcher ratings due to the leaving the service early on the
day of assessment, and an inability to assess them at a later date. The final sample
size used in the analyses included 88 children. Other missing data was due to
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educators (n=15) not returning the ASQ-3. Missing data were excluded pairwise,
because the primary aim of this study was evaluation of the FINGA tool.
7.3.2 Construct Validity and Internal Consistency
For the first four components (i.e., fine motor precision, fine motor
integration, bilateral coordination, and motor coordination), which were scored on
both the individual and group task, there were high inter-correlations between all
component ratings (rs from .55 to .63, ps < .001). The dimensionality of the eight
FINGA components was first examined separately within each task, and then after
their combination, using exploratory factor analyses (EFA) with a maximum
likelihood estimation and direct oblimin factor rotation. Adequacy of data for
EFA analyses was demonstrated by: moderate to strong assossiations between all
12 component ratings (i.e., six for each task; rs from 0.25 to 0.88); Kaiser-MeyerOlkin (KMO) >.89; and significance in Barlett’s tests of sphericity (p < .001).
EFA results for both tasks separately indicated a one-factor solution as indicated
by eigenvalues > 1 and screeplots. This factor explained 72% (individual: paper
plane) and 81% (group: copying cards) of the variance in the data.
The FINGA total scores (i.e., mean scores of the six components per
activity) for the individual and group tasks were strongly correlated (r = .76, p <
.001). There was a non-significant difference (t(87) = 1.64, p = .105) in overall
mean scores (see Table 7.2) between the individual and groups tasks. In light of
these findings, a single score was generated for each of the first four components
by averaging the rating from the two FINGA tasks. These average scores for
components 1 through 4, along with the scores from the components rated in only
one task (5 through 8), were then subjected to exploratory factor analysis (EFA).
The EFA of the combined scores also indicated a one-factor structure that
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explained 73% of the variance. Reliability analyses confirmed the strong reliablity
of this scale, Cronbach  = .94. As such, a FINGA aggregated score based on the
sum of the eight component scores used for the EFA was calculated for
subsequent analyses.
7.3.3 Concurrent Validity
Bivariate correlations between the FINGA (aggregated, individual and
group) and other fine motor assessments showed that the aggregated FINGA
score was significantly, strongly and positively associated with each of the other
fine motor measures: PDMS-2 standardized (STD) (r = .84, p < .001), ASQ-3 by
researcher (r = .69, p < .001) and ASQ-3 by educator (r = .72, p < .001).
Separately, the individual and the group tasks were correlated to a similar extent
with the other fine motor measures (see Table 7.3). Further examination between
FINGA ratings and the PDMS-2 fine motor subscales (i.e., grasping and visual
motor integration) revealed strong positive correlations between aggregated
FINGA scores and the raw scores of grasping (r = .66, p < .001) and visual-motor
integration (r = .83, p < .001). Given the strong association between age and
FINGA scores, the partial correlations were examined for the study variables
controlling for age. While controlling for age did not alter the overall pattern of
relations, the association between the FINGA group activity and the PDMS-2
grasping subscale did become non-significant.
7.3.4 Developmental sensitivity
Linear regression analyses were used to investigate age effects on the
FINGA score, and for the other fine motor measures. The aggregated FINGA
scores showed a significant effect of age, F(1, 86) = 76.16, p < .001, R2 = .47, Bstd
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= .69. Also, significant age effects were found for: PDMS-2 STD, F(1, 84) =
91.00, p < .001, R2 = .52, Bstd = .72; ASQ-3 researcher-completed, F(1, 84) =
15.64, p < .001, R2 = .16, Bstd = .40; and ASQ-3 educator-completed, F(1, 74) =
17.58, p < .001, R2 = .19, Bstd = .44. Examining the FINGA tasks separately, age
was a significant predictor for both the individual, F(1, 86) = 57.39, p < .001, R2 =
.40, Bstd = .63, and group ratings, F(1, 86) = 63.35, p < .001, R2 = .42, Bstd = .65.
There was a good distribution of FINGA scores by age, without ceiling or floor
effects (see Table 7.2).
7.3.5 Sex effects
Independent samples t-test were used to examine potential sex differences.
FINGA aggregated scores did not show any sex differences, F(1, 86) = 1.09, p =
.300, nor did the individual or group task. Similarly, the PDMS-2 STD, F(1,84) =
3.50, p = .065, and educator ASQ-3, F(1,74) = 0.138, p = .711, did not show a
significant sex effect. Only ASQ-3 ratings by the researcher, F(1,84) = 5.71, p =
.019, yielded a significant effect for sex and indicated that girls outperformed
boys.
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Table 7.2 Descriptive statistics
Total (n = 88)

3-year-olds (n = 23)

4-year-olds (n = 39)

5-year-olds (n = 26)

Mean (SD)

Mean (SD)

Range

Mean (SD)

Range

Mean (SD)

Range

FINGA Aggregated

3.66 (0.89)

2.82 (0.83)

1.44 – 4.19

3.70 (0.74)

1.69 – 4.88

4.36 (0.40)

3.38 – 4.81

FINGA Individual

3.59 (0.98)

2.75 (0.93)

1.33 – 4.17

3.63 (0.89)

1.17 – 5.00

4.26 (0.50)

3.17 – 5.00

FINGA Group

3.70 (0.95)

2.81 (0.89)

1.50 – 4.67

3.75 (0.77)

2.00 – 5.00

4.43 (0.53)

3.17 – 5.00

PDMS Gr

49.00 (3.78)

45.70 (4.15)

39.00 – 52.00

49.51 (3.36)

38.00 – 52.00

51.20 (1.33)

47.00 – 52.00

PDMS VMI

132.98 (9.90)

122.52 (10.86)

96.00 – 135.00

134.76 (6.97)

105.00 – 143.00

139.76 (2.75)

133.00 – 144.00

PDMS STD

0.00 (1.78)

-1.93 (1.81)

-6.11 – 1.00

0.32 (1.31)

-3.21 – 1.81

1.26 (0.52)

-0.53 – 1.91

ASQ-3 Re

47.09 (12.40)

41.74 (12.12)

15.00 – 60.00

46.08 (13.75)

5.00 – 60.00

53.27 (7.34)

30.00 – 60.00

ASQ-3 Edu

47.30 (12.12)

39.21 (14.55)

10.00 – 60.00

47.94 (11.75)

15.00 – 60.00

53.04 (5.38)

45.00 – 60.00

Table 7.3 Concurrent associations between study variables
1

2

3

4

5

6

7

8

9

10

1. FINGA – Aggregated

–

.94**

.93**

.69**

-.11

.66**

.83**

.84**

.69**

.72**

2. FINGA – Individual
3. FINGA – Group

.91**
.88**

–
.62**

.76**
–

.63**
.65**

-.21
-.00

.69**
.53**

.79**
.78**

.83**
.73**

.75**
.57**

.68**
.65**

–
-.12

–
-.21

–
-.01

–
–

-.05
–

.59**
-.17

.70**
-.13

.72**
-.16

.40**
-.30**

.44**
-.08

6. PDMS-2 Gr

.44**

.54**

.21

–

-.15

–

.59**

.89**

.62**

.44**

7. PDMS-2 VMI

.68**

.64**

.59**

–

-.15

.31**

–

.89**

.65**

.64**

8. PDMS-2 STD

.69**

.73**

.49**

–

-.19

.83**

.79**

–

.71**

.61**

9. ASQ-3 Researchers
10. ASQ-3 Educators

.64**
.64**

.72**
.58**

.43**
.57**

–
–

-.33**
-.02

.52**
.25*

.56**
.52**

.67**
.47**

–
.53**

.61**
–

4. Age
5. Sex

* p < .05; ** p < .01, results of Pearson correlation are above the diagonal, and partial correlation controlling for age in months are below the diagonal

147

7.4 Discussion
The current study sought to examine the validity and reliability of a novel
structured observational measure to assess young children’s fine motor skills.
Analyses of FINGA data indicated good concurrent validity when compared to
two existing and validated fine motor measures (i.e., PDMS-2 and ASQ-3), as
well as good internal consistency and age sensitivity. Overall, results revealed the
FINGA approach was suitable to validly and reliably capture young children’s
fine motor skills during ecologically valid activities. While FINGA was
specifically designed to engage a variety of fine motor abilities and their
application to a variety of early years activities, results did not support a division
of these abilities into empirically discrete fine motor components for the purpose
of the current assessment.
While there are numerous validated fine motor skill assessments available to
researchers and health specialists, they have not been specifically developed for
use by early childhood education professionals. In response, FINGA was
developed to respond to the unique advantages and opportunities that the early
childhood education context presents, and which are not currently catered to with
existing tools. Specifically, the benefits of using FINGA over existing measures
includes: (1) being easily and freely accessible to a broader user base (e.g.,
researchers, early childhood practitioners, community health specialists, etc.); (2)
reaching a large population of children due to the high proportion of children
within early childhood education settings (3) having a lower completion time per
child than other performance-based fine motor assessments; (4) capturing a wider
range of children’s fine motor abilities; (5) having a clear links to common
activities within the early childhood education context and its ecologically valid
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nature of the tasks; and (6) supporting the capacity to differentiate children based
on ability and need so as to inform planning (e.g., individually tailored learning
experiences) for children’s learning and development. However, FINGA has yet
to be validated in the hands of early childhood educators. Nonetheless, it is
expected that FINGA can support the early childhood education context with
early identification of fine motor difficulties, and therefore, shifting children’s
fine motor outcomes.
The current findings revealed that the aggregated FINGA score, as well as
the separate task scores (individual and group), were successful approaches for
measuring children’s fine motor skills. FINGA also has the potential to provide
educators with important qualitative information on various fine motor abilities
through observation of children’s performance on the different activities. Despite
this potential, it is noteworthy that the factor analyses implied there was no strong
evidence to systematically identify the fine motor ability components separately,
from an assessment point of view. It is therefore important to ask whether so
many separate components of fine motor skill need to be identified and scored.
Previous research by Larkin and Cermack (2002) also highlighted the fact that
other motor assessments struggle to identify separate factor loading when
examining fine and gross motor tasks.
From a practice point of view, both early childhood educators and those
more specialized in working with children who have fine motor delay, require
information from children across a range of activities incorporating different
movements or coordination patterns in order to develop a comprehensive
understanding of fine motor capacity and to establish approaches or plans to
support an individual child. In this sense, the FINGA activities provide a rich set
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of valid options for practitioners when trying to support an individual child. It is
also important to note that the FINGA approach was validated on a sample of
typically developing children and it may be, in subsequent research, that the
different components of fine motor ability take on more individual significance
within sub-groups of children experiencing fine motor delay or impairment.
Currently, performance-based fine motor assessments face some challenges
because of a lack of developmental sensitivity (Larkin & Cermack, 2002; Matheis
& Estabillo, 2018) and population biases (van Hartingsveldt et al., 2005).
Assessments like PDMS-2, for example, primarily use quantitative outcomebased data to rate children’s performance, which might not bring to light whether
children use their fine motor skills correctly to obtain the correct activity outcome
(Larkin & Cermack, 2002; Matheis & Estabillo, 2018). Thus, those administering
the PDMS-2 within the current study identified that in some cases children
received high ratings even though they executed the tasks abnormally; e.g.,
holding scissors unusually (fine motor skill performance), yet cutting straight
lines (activity outcome). This limitation has also been highlighted in previous
work (Matheis & Estabillo, 2018), suggesting such assessment strategies (i.e.,
based on activity outcome rather than fine motor skill performance) lack
accuracy.
The fine motor component of the PDMS-2 has been found to lack sensitivity
in certain populations. Findings by van Hartingsveldt et al. (2005), for example,
showed that out of a group of 18 Dutch children with fine motor problems,
according to the teachers, only seven children were identified by the PDMS-2 as
having fine motor problems. Children were also tested on manual dexterity with
the Movement Assessment Battery for Children using Dutch standards, which
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indicated 14 children with fine motor problems. The inconsistency between such
results of performance-based assessments may be caused by practical inaccuracy
of tests or cultural invalidity of measures.
In light of these issues with existing performance-based assessments, there
are some clear research opportunities for those using the FINGA tool to improve
consistency and sensitivity in the identification of children with fine motor delay.
Importantly, the FINGA tool uses fine motor skill performance rather than
activity outcomes to rate children’s developmental attainment. Furthermore, the
principles which have given rise to the FINGA tool approach (outlined above)
mean that it will be easier to collect and share large data sets that reflect greater
diversity; FINGA by no means addresses issues of cultural validity but it provides
a means to develop bespoke data sets for specific populations or within specific
conditions.
Despite these factors, it is critical to recognize that the FINGA tool does not
seek to replace existing assessments or undermine the expertise of professionals
(e.g., Occupational Therapists) working in this domain. Rather, it is the hope of
the authors that enabling formal assessment of fine motor development through
universal early childhood services will increase awareness of children’s needs and
abilities, facilitate earlier identification and referral, and empower early childhood
educators to better support children’s learning and development both
independently and in collaboration with allied health professionals.
Finally, while there is some evidence suggesting girls have more advanced
fine motor skills than boys at equivalent ages (Comuk-Balci et al., 2016; Dinehart
& Manfra, 2013; Strooband, de Rosnay, & Okely, 2020), no evidence was found
in the current study to support this hypothesis. PDMS-2 and educator-ASQ did
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now show any gender effects. Nonetheless, ASQ scores completed by researchers
did highlighted that girls performed better than boys. Interestingly, FINGA also
did not reveal any differences between girls and boys. It is possible that this is
because the selected universal tasks children had to perform during the
assessment were based on typical everyday preschool activities.

7.5 Conclusion
The initial findings regarding the viability of FINGA are promising,
showing very good internal consistency and age sensitivity, as well as good
concurrent validity when compared to two already validated fine motor
assessments. There are still several stages before practitioners, including early
childhood educators, can use the tool. As described by Larkin and Cermack
(2002), reliable ratings may require extensive training for practitioners to meet
observational guidelines and tactics. However, FINGA will follow an existing
model (Howard, Vasseleu, Neilsen-Hewett, & Cliff, 2018) from which to design
and deliver assessment training freely to a broad user base entailing online
training with reliability control ((Howard et al., 2019): PRSIST). FINGA in the
hands of practitioners has the potential to provide deeper knowledge on fine
motor skills and the trajectories of children’s fine motor development. This
information can help practitioners identify children who may be experiencing
delay or difficulty in fine motor skills, and as such provide them with educational
tailored support strategies or refer children to specialists (e.g. Occupational
Therapist) for further examination.
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Chapter 8
General Discussion and Conclusion
8.1 Aim of thesis
The aim of this Doctorate was to investigate children’s fine motor
progression and strategies to support the development of their fine motor skills.
This led to the development and validation of a novel fine motor assessment for
preschoolers. The five objectives were to (1) examine the prevalence of fine
motor delay of preschoolers from vulnerable Australian communities and the
child and family factors that increase the likelihood of fine motor difficulties; (2)
systematically review the methodology and effectiveness of motor skill
intervention programs aimed at enhancing young children’s fine motor
development; (3) examine what early childhood educators need to better support
children’s fine motor skills, as well as their current understanding and practices in
relation to early fine motor development; (4) develop a novel formative fine
motor assessment (FINGA) to measure fine motor development among children
aged 3 to 5 years; and (5) examine the construct validity and internal consistency
of the FINGA and the concurrent validity of the FINGA compared to two
validated fine motor assessments.

8.2 Summary of the Main findings
Identifying and understanding children’s fine motor progression at an early
age is important in establishing appropriate support for children’s school
readiness. The study presented in Chapter 3 represented one of a small number of
studies that examined the prevalence and risk factors of fine motor delay in
Australian preschool children from vulnerable communities (i.e. low income).
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The Ages and Stages Questionnaire - 3th edition was used to screen for fine motor
delay in 700 children from 35 early childhood education and care services. The
study reported that 77.4% of children were typically developing, 12.1% were at
risk of delay and 10.4% were developmentally delayed. Higher odds of being
delayed were found for children who were younger, male or identified as
indigenous. Findings showed that children with lower gross motor, selfregulatory, executive functioning and vocabulary skills were also more likely to
be at risk or delay of fine motor development. Furthermore, the study reported
several family characteristics (e.g. lower family education, being a single parent
and family income) that were found to increase the odds of children’s fine motor
delay.
Chapter 4 systematically reviewed the evidence for motor skill intervention
programs on fine motor development among children aged birth to six. A total of
31 intervention studies were found after using selected inclusion and exclusion
criteria, and these were then evaluated on their methodology and effectiveness.
The study highlighted substantial differences between intervention settings,
facilitator of programs, duration and length of intervention components and
content of the programs. While most studies were implemented in a school setting
and facilitated by teachers, there was no one approach found to be most
efficacious. Findings identified that 25 of the 31 studies reported positive
intervention effects on fine motor skills, from which meta analyses indicated 19
studies that had moderate effect sizes on fine motor, visual motor and manual
dexterity outcomes.
The study in Chapter 5 focused on early childhood educators’ perceptions of
their needs to support children’s fine motor skills. The study reflected on
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educators understanding of and practices in early fine motor development. Six
Australian early childhood education and care centres and their educators
participated in observations, reflective journals and interviews. This qualitative
study was the first study, to our knowledge, that investigated the following
research questions: (1) What do educators know regarding early fine motor
development?; (2) How do educators support children’s fine motor development?;
and, (3) What do educators perceive as their current needs in relation to
supporting early fine motor development? The study showed that educators had
fundamental knowledge around early fine motor development. While the centres
had a rich environment (e.g., experiences and resources) for children to practice
fine motor skills, there was a lack of intentional individual learning experiences.
Educators identified a need for professional learning programs and assessment
strategies to support their understanding of children’s fine motor progression, and
therefore the ability to better support their development.
Chapter 6 aimed to develop a new fine motor assessment tool by examining
responses from 53 pre-school-aged children to two early year fine motor
activities. These activities were created to be naturalistic and compatible with
current educational content within early childhood settings. Initial findings from
the first activity revealed good feasibility for the tool, nonetheless small
adjustments were made to increase the developmental sensitivity. Findings from
activity two were used to carefully select tasks that could demonstrate
developmentally sensitive data from the tool. Findings from the activities in
combination with video analyses from children’s performances led to the
development of the first version of the Fine Motor Growth Assessment (i.e.
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FINGA), including instructions for using it and the scoring sheets (e.g., based on
performance and based on observations).
Chapter 7 investigated the viability of the FINGA by examining the
construct validity, internal consistency, concurrent validity (i.e., compared with
the Peabody Developmental Motor Scales – Second Edition and Ages & Stages
Questionnaires – Third Edition), developmental sensitivity and sex effects.
Ninety-one children were assessed. FINGA was found to have good internal
consistency and age sensitivity, and demonstrated good concurrent validity when
compared to two validated fine motor assessments.
In summary, the findings of this Doctorate research have added to the
evidence base for fine motor development in the early years. While there have
been a substantial number of programs that effectively support children’s fine
motor skills, findings indicated a large percentage of young children still have
fine motor difficulties. Initially, the thesis expected to develop an intervention
program to deal with these problems. However, the qualitative data from Chapter
5 showed that educational settings might not need structured intervention
programs to support their children. What they required was better ways to
understand children’s progression of fine motor development, as well as
continued strategies to keep children engaged and interested within tailored fine
motor experiences. In responding to these data, this Doctoral thesis developed a
novel fine motor skill assessment, that in the future is projected to be used within
the early childhood education and care settings by educators. The preliminary
findings regarding the validation of the FINGA tool were promising, which
formed a strong foundation for the use of the new assessment. Furthermore, this
Doctoral thesis has contributed to the understanding of children’s fine motor
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abilities and their progression. These findings should be of interest to researchers
and practitioners who work with preschool aged children and who support their
fine motor acquisition.

8.3 Discussion
Chapter 3 reported a high prevalence of children with fine motor skill
problems (i.e. 12.1% at risk and 10.4% delay), which was in line with other
prevalence studies internationally (Bello et al., 2013; Goyen & Lui, 2002; Handel
et al., 2007; Heo et al., 2008; Troude et al., 2011). Screening children at an early
age is particularly essential as fine motor skills are linked to other areas of
children’s development and learning (e.g., cognitive development, gross motor
development, vocabulary) (Cameron et al., 2012; Obeid & Brooks, 2018; Oberer
et al., 2017; Wassenberg et al., 2005). As presented in the literature, Chapter 3
also showed the links between fine motor skills and self-regulation, executive
functioning, gross motor skills and vocabulary skills. Other child characteristics
shown to increase the likelihood of fine motor delay included age, gender and
Indigenous status. The sample were children from vulnerable communities (i.e.,
low income), which might have influenced the amount of exposure children
received during their daily experiences. This might also explain why children
from single families, low income families and lower parental education were
more likely to have fine motor problems. While there is limited research on the
links between children and family characteristics, the findings are in line with
Comuk-Balci et al. (2016). Thus, Chapter 3 highlighted and confirmed that many
children are struggling with their fine motor skills at an early age and children
need adequate support to prevent this from causing problems later in life.
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The study in Chapter 4 was unique in systematically reviewing motor skill
interventions and their effects on young children’s fine motor skills. While there
have been various systematic reviews on the effects on gross motor skills and
occupational therapy programs (Van Capelle et al., 2017; Veldman et al., 2016;
Wick et al., 2017), less attention has been given to fine motor skills. While the
program content and evaluation varied substantially, it was suggested that
children should at a minimum directly partake in fine and/or gross motor skill
activities to effectively improve children’s fine motor development.
Unfortunately, very few interventions reported on follow-up data (Piek et al.,
2013; Ulutas & Aksoy, 2016), highlighting a gap in knowing how to sustain the
effects of the programs. Furthermore, because the majority of studies were
implemented within preschool settings, researchers should focus on how to
support these services in more sustainable ways. From these findings, the third
study of this PhD research focussed on current knowledge, practices and needs of
early childhood educators.
Chapter 5 was one of the first that used collaboration between researchers
and early childhood educators to understand the current views and future needs in
relation to supporting and understanding young children’s fine motor
development. While educators had a fundamental understanding of fine motor
development, its links to learning, and the factors that may be related to
developmental delay, there were several areas where educators felt they required
support. The importance of the visual component of fine motor skills (e.g., eyehand coordination), presented in the literature (Dankert et al., 2003; Jeon et al.,
2016; Ohl et al., 2013), was not identified by educators. Yet, they were able to
link fine motor skills to essential components of children’s development (e.g.
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independency, self-help skills, cognition, gross motor skills) and its environment,
which as highlighted previously is also present in the literature. However, when
linking such aspects, educators were drawn to speak from a deficit perspective, as
well as distancing themselves from the problem. Chapter 5 also revealed that
early childhood education and care centres are extremely fertile learning
environments with many fine motor resources and experiences. This seems to be
in line with previous studies that have highlighted that a large proportion of a day
at preschool incorporates fine motor activities (Marr et al., 2003). Nonetheless,
educators have difficulties tailoring to individual children’s needs by more
explicitly adapting experiences. This might be caused by the lack of available fine
motor assessments and professional learning programs for early childhood
educators to support their understanding on children’s developmental fine motor
progression.
The unpublished study reported in Chapter 6 presented a brief overview of
the developmental stage of the tool and the examination of its activities. This
phase was necessary to build a new assessment tool that was ecologically valid
and could be used by researcher, educators and other practitioners. Therefore, the
use of FINGA was expected to have a number of benefits (1) the ability to focus
on multiple discrete fine motor abilities; (2) the prospect to obtain valuable
formative information on multiple fine motor abilities; (3) the ability to
characterise a familiar and game-like experience for participants; and (4) the
ability to use within existing and accessible early childhood education and care
practices.
Chapter 7 was the first study that validated FINGA against two existing and
validated fine motor assessments. While FINGA’s intent was to rate children’s
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abilities differently to the fine motor assessments that are currently available, the
results of the study showed that instead of rating children based on results of
numerous tasks, FINGA focused more on observing the abilities children used
when performing ecological valid game-like activities. Findings of FINGA
showed there were no gender differences. Gender differences were expected as
the literature, as well as Chapter 1, suggest that at an early age girls fine motor
skills are better than boys (Comuk-Balci et al., 2016; Dinehart & Manfra, 2013).
The development and validation of FINGA is still in its early stages and more
research is needed to ensure that also educators can facilitate FINGA accurately.
Future studies should examine the inter- and intra-rater reliability, as well as
testing FINGA with children from different cultures to investigate its cultural
validity.

8.4 Strengths and Limitations
This Doctorate thesis was the first to review the evidence of successful
intervention programs on children’s fine motor development. It was also one of
small number of studies that explored what educators perceive is needed to
support children’s development, in particular the strategies needed to better assist
children’s fine motor skills. The strength of these studies in combination with the
findings that almost one in four children from vulnerable Australian communities
were showing fine motor difficulties, revealed a strong need for better supporting
methods (e.g. professional development and assessment for learning) within the
early childhood education setting. Another strength was the collection of both
quantitative and qualitative data within various study designs (i.e. cross-sectional,
systematic review, multiple case and validation) to triangulate the data from
different sources.
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A strength from the first study, presented in Chapter 3 was its large sample
size and specific target population (e.g. children from low-income communities).
Unfortunately, the response rates for the parental questionnaires were low and the
cultural validity of the measure used to screen for fine motor delay was
questionable for one-third of the sample (e.g. Australian Indigenous children).
The systematic review and meta-analyses from Chapter 4 completed an
extensive search of numerous databases and a vigorous systematic approach to
retrieve study data. There was strong agreement between authors during screening
phases and for the risk of bias analyses. Yet, due to variance among the included
studies it was challenging to compare intervention methodologies. Another
limitation of the review included the high risk of bias found in multiple studies.
The qualitative study from Chapter 5 had a rather small sample, yet it was
carefully selected to include a broad range of early childhood education and care
services across a large part of New South Wales, Australia. Another strength of
this study was the combination of objective and subjective data collected, that
assisted to draw upon both educators beliefs and observant information.
While the pilot study in Chapter 6 did not reach its targeted sample, the
findings were extremely valuable for the development of the new fine motor
assessment. The development of the tool was not only based on the findings from
this study but also from other sources (e.g., literature, child development experts,
early childhood educators), which enhanced the feasibility and acceptability of the
tool.
The sample from the validation study within Chapter 7 reached the desired
sample size, yet there was higher number of participating 4-year-olds compared to
3- and 5-year-olds. This might be because there is a higher amount of 4-year-olds
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enrolled at preschool within Australia (OECD, 2016). Also, the study provided
useful insights on how different fine motor abilities contribute to the distinction
between fine motor components. While there was no discrete evidence to separate
or individualize these fine motor components, FINGA ratings can support the
understanding of each fine motor ability examined during the assessment. The
Ages and Stages Questionnaire was also given to the parents/caregivers to
complete. Unfortunately, due to low completion rates these data could not be used
in the analyses.

8.5 Future research
This thesis provides opportunities for future research in the area of early fine
motor development of children, as well as supportive strategies for early
childhood educators working with preschool-aged children. The diversity of
studies performed within the Doctorate plays an important role in advancing fine
motor skill research on multiple levels. These include: (1) prevalence research
investigating fine motor difficulties and relationships with key domains of
learning; (2) the development of intervention studies aimed at enhancing
children’s fine motor skills; (3) programs to support early childhood educators
around fine motor development through intervention, professional development or
other supportive strategies; (4) fine motor assessment research investigating
strategies and methodologies regarding assessment of fine motor abilities.
While more research is needed to better understand the underlying
mechanisms that connect fine motor skills with other key aspects of child
development, Study 1 was able to find significant influences on fine motor delay.
Both child and environmental impact factors were highlighted, however the
direction of the relationships was not investigated. On an international level, there
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seems to be a shift to a more technology-based fine motor activities, therefore it is
important to understand what the impacts are for children using less “hands-on”
fine motor activities. Such revolutions might prompt research to investigate how
to better assess these technology-based fine motor skills, in comparison to more
traditional fine motor skills. It might be that the fine motor skills from
technology-based activities, such as touch-screen or video games, differ
substantial from the traditional fine motor skills (Lin et al., 2017). More research
is needed to investigate the impacts of technology on standardized fine motor
skills, and on the differences between technology and typical fine motor abilities.
Chapter 5 was the first study that reflected on educators’ beliefs and
practices relating to fine motor development in the early years. The findings
indicated provision for educators is required through professional learning
programs and assessment for learning focusing on children’s fine motor skills.
While the Doctoral thesis elected to develop a new fine motor assessment, fine
motor professional learning programs for educators should be further explored.
Programs in which educators receive information around fine motor development
(e.g., what it entails, how it is linked to development, how to observe children’s
progression etc.) and concepts on supportive experiences are extremely important.
At a later stage, the FINGA tool may include a training program for educators on
how to use the tool, while at the same time incorporating a short professional
learning program. Future research should focus on professional learning programs
for fine motor skill on their own to investigate if this supports educators beliefs,
understandings, and practices, as well as children’s fine motor skills outcomes.
Furthermore, additional research is needed to ensure the reliability and
validity of the FINGA tool when used by early childhood educators. Study 5
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showed the FINGA has the ability to validly measure children’s fine motor
abilities, and has good developmental sensitivity. The next expected steps for the
tool to be used by educators will involve: (1) making minor adjustments in
relation to the findings from the validation phase; (2) ensuring pragmatic
acceptability for its use by educators; and, (3) investigating the reliability of
FINGA by educators compared with researchers. It is expected that the first two
steps can be completed through a small sample qualitative study in which
educators test several components of the tool. This could be followed by a larger
scale validation study evaluating the inter- and intra-rater reliability between
experienced researcher and early childhood educators by assessing children’s fine
motor skill with FINGA.
In a most optimal future, FINGA could be used by educators within ECEC
services to assess all children’s fine motor skills and respond to their learning
needs in an integrated and individualised way. The children who have a
substantially lower scores compared to their peers can then be monitored using
the FINGA tool and referred to a specialist, such as an Occupational Therapists,
for future examination if their responses are a cause for concern.

8.6 Implications
This Doctorate thesis has extended the knowledge base on the importance of
children’s fine motor acquisition, especially understanding and supporting fine
motor progression. A high prevalence of fine motor delay was found and related
to other aspects of learning. Sustainable and ecological methods are needed to
support children’s fine motor skills effectively and to tackle fine motor problem at
an early age.
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Findings from study 2 identified several intervention programs that were
tested to investigate their effectiveness on children’s fine motor development.
This study highlighted the various theoretical and methodical approaches that
have shown to be effective increasing children’s fine motor skills. Nonetheless, to
date, there is no universal approach, nor long-term programs that have been
implemented within early childhood education settings in Australia. Once again, it
is important that fine motor skill problems are identified early to provide support
and ensure children’s optimal fine motor progression. Future national guidelines
should continue to develop fine motor recommendations for children within the
early years setting. While the Early Years Learning Framework (2009) of
Australian highlights the importance of fine motor skills, more supportive
evidence based strategies are warranted within the framework to highlight the
importance of fine motor acquisition for its readers.
Chapter 4 (study 2) explored the various terminologies closely linked to fine
motor skills, as these were predicted to play an essential role when reflecting on
the interventions programs. Study 4 and 5 extended this during the development
of the FINGA. Nonetheless, the factor analyses from chapter 7 found only one
factor for the eight fine motor abilities, which indicated no substantial differences
between the various fine motor abilities that were assessed. It is however essential
to understand the small differences between these abilities to recognize where
children are struggling. More research is needed to investigate if particular fine
motor abilities can reveal robust outcomes, and therefore, can be examined
separately.
Moreover, instead of directly aiming to increase children’s fine motor
acquisition, this thesis firstly evaluated previous intervention programs and
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current early childhood educators needs to optimize the feasibility of supportive
strategies when aiming to support children’s fine motor development. The
perceived needs from the educators led to a shift from intervention programs to
the development of a observational fine motor tool. The first steps in its
development and validation has been made during this Doctorate and were
promising. While there are still a few stages before educators can use the tool, it is
expected that a tool like this can play an important role within the early years
sector. It is predicted to support educators with their understanding of fine motor
abilities and their own competences to assess children’s fine motor acquisition
during fine motor activities in educational settings. Early evaluation of children’s
fine motor problems can assist educators to identify optimal strategies, and
therefore, provide the children the support they require, internally or externally
(e.g., occupational/physical therapist). Thus, this research can play an essential
part for children’s ideal fine motor progression and their overall health and
wellbeing.

8.7 Conclusion
This Doctorate aimed to contribute to the evidence of early fine motor
acquisition, its understanding and progression. The five studies presented within
the thesis reported findings on: early fine motor prevalence and influencers of
delay; effectiveness of intervention approaches; understanding, practices and
needs of early childhood educators; and the development and validation of a novel
Fine Motor Growth Assessment tool (FINGA). At first, it was highlighted that
almost on in four children from vulnerable communities had difficulties
performing fine motor tasks adequate. Several child and environmental
characteristics were link to these fine motor problems. To better understand how
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to support these children, a systematic review of the literature emphasized the
variety of approaches and methods that have been effectively used to impact
children’s development. Nonetheless, fine motor difficulties still occur which led
to the exploration of current fine motor knowledge, practices and needs of early
childhood educators. Educators reported a reasonable understanding of fine motor
development and an extremely rich environment (e.g., practices and resources) to
support children’s fine motor skills. There was a gap in the understanding of
children’s fine motor progression through assessments, as well as a need for
professional learning programs. Therefore, a new formative observational fine
motor assessment tool (i.e., FINGA) was developed and validated. The findings
from the FINGA tool validation study were promising as the tool showed good
developmental sensitivity and concurrent validity. Hopefully, this research can
provide a foundation for researchers interested in supportive methodology of early
fine motor development. Furthermore, the findings will be of interest for early
childhood educators and policymakers to highlight the importance of early fine
motor skills and as such optimize supportive fine motor strategies within the early
years sector. Future research is necessary to examine if educators can effectively
use the tool and if, after incorporation professional learning during training, the
active use of the tool can support educators beliefs, understandings and practices
in relation to fine motor development, as well as children’s fine motor skill
outcomes.
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Appendix E - Participant information sheet and consent form study 3
Educator Participation Information Sheet
Ethics Number: 2018/049
We would like to invite the Room Leader(s) in your centre who is responsible for 3-5 year old children to
participate in a research project. This project is being conducted by researchers from Early Start at the
University of Wollongong. This project is the first phase of a study titled Fine Motor Skill Development
in the Early Years.
PURPOSE OF THE RESEARCH
Fine motor skills are the foundation for many daily life activities, such as eating, drawing, typing etc. and
involve smaller muscles movement to hold and manipulate small objects with the use of hands and fingers,
which require eye-hand coordination. Research has shown that fine motor is related to important abilities
such as cognition, gross motor, social- emotional, behavioural skills and later school achievements.
However, we know comparatively less about the experiences and activities that foster children’s fine motor,
and there are few fine motor programs that have good evidence of effectiveness, are easily accessed and
used by educators, and do not place additional burdens on these already busy educators. This first phase of
the research seeks to gain insight into current understandings, practices and opportunities for fostering early
fine motor skill development. These insights will be reconciled with evidence and suggestions from the
research, to develop a theoretically, evidence-based and community-consulted program for fostering fine
motor that takes into account the children, context, demands and educators themselves. Note that while
there will be subsequent phases of this research (e.g., consultation on intervention elements, piloting, and
then full-scale evaluation), participation in this phase of the research does not obligate you to participate in
those later phases. Therefore, after completion of this phase, you will be given the opportunity to engage in
the next phase of this research.
METHOD AND DEMANDS ON PARTICIPANTS
If you agree to participate, we will engage you in: (1) researcher observations, (2) educator journals and (3)
semi-structured interviews. Specifically, (1) initial 2-day observations will involve the research team
visiting your centre for a brief meeting (to explain the focus of the observations) and to observe the activities
and opportunities that you create for fostering fine motor (including aspects such as group formation,
duration, instructions given, type of activity and resources used). The initial meeting will take ~15 minutes,
followed by a 4-hour continuous fly-on-the-wall observations of your practices on two consecutive days.
There are no specific demands on you from this aspect of the data collection, as you will simply continue
your routines uninterrupted and unencumbered.
Participating Room Leader(s) will then be asked over the next 3 days to (2) keep a journal detailing any
fine motor activities you engage children in. You can complete this at your convenience, but we request
that it is completed at least once each day for the 3-day period. It is expected that this should take no more
than 20 minutes per day to complete.
In the following week, (3) we will invite participating Room Leader(s) to participate in a 1-hour semistructured interview in your centre, to provide a more detailed insight into your practices, planning, aims
and understandings in relation to fine motor. These interviews will be audio recorded for later transcription
and analysis and then deleted.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS
Apart from the time taken to participate in this study, we foresee no risks to participation in this research.
Please note that your involvement in the study is entirely voluntary and you may decline to participate or
withdraw from the study at any time. In either event, declining to participate or withdrawing from the study
will not affect your relationship with the researchers, your employer or the University of Wollongong. Note
that all data collected will be kept strictly confidential. You will not be identified in any part of the research.
Note also that while children in your centre will be not involved in this research (i.e., we will not interact
directly with children as part of this research, nor will we will collect any data from or about them), the
researchers all have valid working with children checks and have ample experience working with young
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children. As such, we do not expect the presence of the researchers to be overly disruptive to the children
either.
BENEFITS OF THE RESEARCH
The findings of this research will be used to reconcile current practices with existing theory and research,
to inform the design and piloting of a fine motor intervention (Phase 2) and its subsequent evaluation (Phase
3). As such, findings from this research may be reported at academic conferences and published in
educational journals. However, at all times confidentiality will be assured, and neither you nor your centre
will be identified in the reporting of this research.
ETHICS REVIEW AND COMPLAINTS
This study has been reviewed by the Human Research Ethics Committee (Social Science, Humanities and
Behavioural Science) of the University of Wollongong. If you have any concerns or complaints regarding
the way the research is or has been conducted, you can contact the Ethics Officer on (02) 4221 3386 or email rso-ethics@uow.edu.au.
Should you require any further information please do not hesitate to contact members of the research team.
Yours sincerely,
Mr. Karel Strooband
School of Psychology
kfbs149@uowmail.edu.au

Prof. Marc de Rosnay
School of Psychology
(02) 4221 3455
marcd@uow.edu.au

Prof. Tony Okely
School of Education
(02) 4221 4641
tokely@uow.edu.au

Ms Elena Vasseleu
School of Psychology
elenav@uow.edu.au

Educator Consent Form
Research Title: Fine Motor Skill Development in the Early Years - Phase 1
Ethics Number: 2018/049
Researchers: Mr. Karel Strooband, Prof. Marc de Rosnay, Prof. Tony Okely, & Ms. Elena Vasseleu
I have read the Educator Information Sheet and have had an opportunity to ask the researchers any further
questions I may have. On the basis of that information, I understand that there are no expected risks to me
or the children at my centre as a result of participating in this study. I understand that my participation in
this research is completely voluntary and I may decline to participate without affecting my relationship with
the researchers, my employer or the University of Wollongong. I understand that I may also withdraw any
data I have provided up until two weeks after the completion of my data being collected, by contacting the
researchers.
I understand that my participation in this research will involve permitting observations of my practice (over
2 days), completing a day journal (over 3 days) and participate in a 1-hour audio recorded interview in the
next week, as described in the Educator Information Sheet. I understand that I may also be contacted in the
future to participate in the next phase of this study, which I may agree to or decline at the time. I understand
that participation in this phase of the research does not obligate me to participate in any future research that
has not been outlined in the Educator Information Sheet.
I understand that the data collected will only ever be reported in anonymised, aggregate summary form or,
where a direct quote is used, with a pseudonym to ensure my anonymity. It is expected that the results of
this study will be presented at national and international conferences and/or published in academic journals.
However, at all times confidentiality is assured. I understand that all information collected will be
anonymous, will be kept strictly confidential and that I will not be identified in any part of the research.
By signing below I am indicating my consent to participate in this research.
Signed
___________________________________
Name (please print)
___________________________________

Date
____/____/_______
Centre Name
_____________________________

188

Appendix F – Parent information sheets and centre poster study 3
Parent Notice
Ethics Number: 2018/049
Dear Parent/ Caregiver,
Fine motor skills are the foundation for many daily life activities, such as eating, drawing, typing etc. and
involve smaller muscles movement to hold and manipulate small objects with the use of hands and fingers,
which require eye-hand coordination. Researchers from Early Start would like to expand their knowledge
of fine motor skill development in the Early years.
A research team from Early Start will visit this centre to observe the activities and opportunities that foster
fine motor development. On two consecutive days, they will conduct a 4-hour “fly-on-the-wall” observation
of educator practices. Note that while the children will be not involved directly in this research, the
researchers all have valid working with children checks and have experience working with young children.
Yours sincerely,
Mr. Karel Strooband
School of Psychology
kfbs149@uowmail.edu.au

Prof. Marc de Rosnay
School of Psychology
(02) 4221 3455
marcd@uow.edu.au

Prof. Tony Okely
School of Education
(02) 4221 4641
tokely@uow.edu.au

Centre Poster
Ethics Number: 2018/049
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Ms Elena Vasseleu
School of Psychology
elenav@uow.edu.au

Appendix G - Observation, interview and journal format study 3
Observation Guide
Date:
Centre #:
Name of Observer:
Experience 1:

Observation Start time:
Observation End time:

Focus of Experience:
Description:

Start time: ……….

End time: ……….

Time/Child: ……….

Structured (e.g. lesson)

Unstructured (e.g. free play)

Indoor

Outdoor

Group

Individually

How many children were involved? ……….
Role of the educator?
What practices did the educators engage in around the experience?
• asking questions (Y/N)
Examples:

YES

NO

• provding praise (Y/N)
Examples:

YES

NO

• providing encouragement (Y/N)
Examples:

YES

NO

Resources?

Was it optional for children? (Y/N)
Was it age appropriate for children? (Y/N)
Was it time appropriate for children? (Y/N)

YES
YES
YES

Other notes:
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NO
NO
NO

Experience 2:
Focus of Experience:
Description:

Start time: ……….

End time: ……….

Time/Child: ……….

Structured (e.g. lesson)

Unstructured (e.g. free play)

Indoor

Outdoor

Group

Individually

How many children were involved? ……….
Role of the educator?
What practices did the educators engage in around the experience?
• asking questions (Y/N)
Examples:

YES

NO

• provding praise (Y/N)
Examples:

YES

NO

• providing encouragement (Y/N)
Examples:

YES

NO

Resources?

Was it optional for children? (Y/N)
Was it age appropriate for children? (Y/N)
Was it time appropriate for children? (Y/N)

YES
YES
YES

Other notes:

191

NO
NO
NO

Additional notes:
Other notes on centre/educator fine motor practices

Questions for the interview

Semi Structured Interview Discussion Guide
Introduction
Explanation of study and its aims, targeting all aspects of fine motor (Fine Motor Precision, Fine Motor
Integration, Manual Dexterity & Upper-Limb Coordination). There are some practices and activities that
research suggests we can do, but didn’t want to miss any of the great practices that already are
happening or the various ways they can manifest in practice. You have captured many of these in your
practice, and in fact gone further than the research (e.g., goal setting to understand the importance of
fine motor, strategies to increase fine motor abilities). Some added practices that the research suggests
and we are thinking through, but wanted to get your impressions of how this might work in your setting
and any impediments or considerations we might want to be aware of.
Fine Motor and its Development
1. What does ‘fine motor’ mean to you?
a. How does a child show good fine motor skill abilities?
b. How does a child display poor fine motor skill abilities?
c. What do you think influences a child’s fine motor skills?
d. What could be a cause of fine motor skill delay?
2.

Can you give me an example of an activity you engage children in that might develop their fine
motor skills? [Repeat until activities exhausted]
a. In what ways does this activity promote fine motor skills?
b. How do you see this activity supporting a child’s fine motor skills?

3.

What additional practices do you engage in to support children’s fine motor skills? If illustrative
example needed: Give example of use of a transition song that lets children know it is time to pack
away, illustrated behaviour guidelines, etc. [Repeat until practices exhausted]
a. In what ways does that practice promote fine motor skills?
b. How do you see that supporting a child’s fine motor skills?

Facilitators and Barriers
4. The ultimate goal of this research is to develop a collection of strategies, practices and activities that
we can demonstrate to have positive effects on young children’s Fine motor. This will require
developing a sort of fine motor program, although we want this to be flexible and easy to use.
a. Have you implemented any programs or interventions in the last 2 years, fine motor or
otherwise? If so, what factors do you feel make you more likely to commence that program?
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b.
c.
d.

Have you undertaken any specific training on fine motor activities in the last 2 years?
How do you observe children’s fine motor skills in practices?
How do you intervene when a child’s fine motor skills seem to be poorly compared with other
children of the same age?

Observations and Journals
5. During our observations, we thought it might be possible to add [X] to [Activity A].
e. Do you think this could have a positive impact on children’s fine motor abilities?
f. How would this work with your children?
g. Are there any structural or functional impediments to doing this? Are there ways it can be
improved?
h. Since we visited your centre, have you had any new ideas or strategies to try in future?

Interview Extension Guide
Fine Motor Understanding
What things come to mind when you think about fine motor development?
How important do you think these skills are for children’s development?
What fine motor skills do you think a child should develop during the early years?
What sort of things would signal that a child has poor fine motor skills?
In your opinion, what factors could contribute to delays in a child’s fine motor development?
Fine Motor Practices
Can you give an example of an activity you engage children in that may promote their fine motor
development?
In what ways does this activity promote fine motor skill development?
Are there any other examples you can think of?
Are there any ways you think this could be achieved in a group based activity?
What additional practices do you engage in to support children’s fine motor development? For example,
we noticed you provided children with encouragement for their efforts.
In what ways does this practice promote fine motor development for children?
Fine Motor Needs
How do you gain an understanding of how children are progressing in their fine motor development in
your service?
What would you normally do where you notice a child is experiencing delays in their fine motor
development?
Have you implemented any programs around fine motor development or undertaken any related training
in recent years

Educator Journal Guide
Participant Journal - Day 1
1. Reflections on what has happened over the day, related to fine motor (e.g., if children had
opportunities to engage in fine motor activities, including in/ outdoor activities and what resources):
2. Activities/games I’ve engaged children in to promote their fine motor skills today:
3. Practices I’ve utilised to promote children’s fine motor skills today:
Participant Journal - Day 2
1. Reflections on what has happened over the day, related to fine motor (e.g., if children had
opportunities to engage in fine motor activities, including in/ outdoor activities and what
resources):
2. Activities/games I’ve engaged children in to promote their fine motor skills today:
3. Practices I’ve utilised to promote children’s fine motor skills today:
Participant Journal - Day 3
1. Reflections on what has happened over the day, related to fine motor (e.g., if children had
opportunities to engage in fine motor activities, including in/ outdoor activities and what resources):
2. Activities/games I’ve engaged children in to promote their fine motor skills today:
3. Practices I’ve utilised to promote children’s fine motor skills today:
4. Ideas/strategies to try in future:
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Dear Professor de Rosnay,
I am pleased to advise that the application detailed below has been approved.
Ethics Number:

2018/553

Approval Date:

29/01/2019

Expiry Date:

28/01/2020

Project Title:

Fine Motor Skill Development in the Early Years - Phase 2

Researcher/s:

Okely Tony; Strooband Karel; de Rosnay Marc
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Appendix E Parent Information Sheet and Consent V2
Appendix F poster V2

Sites:

Site

Principal Investigator for
Site

Illawarra-area preschools/long-day care centres

Mr Karel Strooband

The HREC has reviewed the research proposal for compliance with the National Statement on Ethical
Conduct in Human Research and approval of this project is conditional upon your continuing compliance
with this document. Compliance is monitored through progress reports; the HREC may also undertake
physical monitoring of research.
Approval is granted for a twelve month period; extension of this approval will be considered on receipt of
a progress report prior to the expiry date. Extension of approval requires:
•
•
•
•

The submission of an annual progress report and a final report on completion of your project.
Approval by the HREC of any proposed changes to the protocol or investigators.
Immediate report of serious or unexpected adverse effects on participants.
Immediate report of unforeseen events that might affect the continued acceptability of the
project.

If you have any queries regarding the HREC review process or your ongoing approval please contact the
Ethics Unit on 4221 3386 or email rso-ethics@uow.edu.au.
Yours sincerely,

Emma Barkus
Associate Professor Emma Barkus,
Chair, UOW & ISLHD Social Sciences Human Research Ethics Committee
The University of Wollongong and Illawarra and Shoalhaven Local Health District Social Sciences
HREC is constituted and functions in accordance with the NHMRC National Statement on Ethical
Conduct in Human Research.
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Appendix J – Director information sheets and centre poster study 4
Director Information Sheet
Ethics Number: 2018/553
We would like to invite all 3-5 year old children at your centre to participate in a research project. This
project is being conducted by researchers from Early Start at the University of Wollongong and is the
second phase of a study titled Fine motor skill acquisition in the early years: Understanding children’s
progression and supporting development. We write to seek your approval and assistance to conduct this
study with children at your centre.
PURPOSE OF THE RESEARCH
Fine motor skills are the foundation for many daily life activities, such as eating, drawing, typing etc. and
involve smaller muscles movement to hold and manipulate small objects with the use of hands and fingers,
which require eye-hand coordination. Research has shown that fine motor skills are related to important
abilities such as cognition, gross motor, behavioural skills and later school achievements. Tools that support
early years educators to enhance these outcomes are limited, and specifically assessment tools that support
assessment for learning practice are often summative in nature and not designed to be used in naturalistic
play-based settings. The aim of this phase of the study is to develop a new and innovative early fine motor
formative assessment – the Fine Motor Growth Assessment (FINGA) tool – to monitor and foster fine
motor development in preschool children, using two activity-based assessments. Note that while there will
be subsequent phases of this research (e.g., piloting and then full-scale evaluation), participation in this
phase of the research does not obligate you to participate in those later phases. Therefore, after completion
of this phase, you will be given the opportunity to engage in the next phase of this research.
METHOD AND DEMANDS ON PARTICIPANTS
If you agree for children in your centre to participate, we will involve children who have parental consent
to participate in two brief activities that gives them an opportunity to demonstrate their fine motor skill
abilities in a one-on-one and group construction activity specifically designed for this study. Children's
responses to this activity will be used to develop a direct assessment of a child's early fine motor skills.
We would like to place parent information sheet and consent forms at the front desk (copy attached), along
with a researcher who can answer any questions parents might have, to recruit any parents who might be
interested in involving their child in this research. In your centre, we then would invite children to take part
in 2 activities, each activity will proceed until: (a) the children complete the activity; (b) a maximum of 20
minutes is reached; or (c) children no longer wishes to continue with the activity. The activities are:
Activity 1: One child will be presented with a series of fine motor tasks on one piece of paper (e.g. writing,
drawing, cutting and folding). The aim of this activity is to build their own paper plane in a one-on-one
situation with the researcher. It is estimated that this activity will take approximately 10 minutes to
complete.
Activity 2: Three children at a time will be invited to play a board game-like activity with the researcher.
Children will spin a wheel to receive a goal card which related to a building task (e.g. threading beads,
Jenga block building, or Lego) and all children will be asked to recreate the image on the card.
We will video-record all activities so we can review children’s performance later to determine important
behaviours (e.g. use of resources, interest and engagement during activities, difficulty of activity suites
children’s age). Once we have completed these codings, the videos will be deleted. This will ensure that
the children’s names and images will not be able to be associated with the data, keeping data anonymous
and confidential.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS
Apart from the time taken to participate in this study, we foresee no risks to your child. If, however, your
child the child becomes frustrated during a activity, they will be in the presence of a trained researcher
experienced in early childhood education and care who can provide immediate support to the child, and
will be able to discontinue a activity at the child’s request or at their discretion (even if the child does not
ask).
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Please note that children’s involvement in the study is entirely voluntary and they, or their parents, may
decline to participate or withdraw them from the study at any time. In either event, declining to participate
or withdrawing from the study will not affect a child’s relationship with the researchers or the University
of Wollongong. Note that all data collected will be kept strictly confidential. Neither the children nor your
centre will be identified in any part of the research.
FUNDING AND BENEFITS OF THE RESEARCH
This research is not subject to funding. The findings of this research will be used to develop a direct
assessment of a child's early fine motor acquisition. As such, findings from this research may be reported
at academic conferences and published in educational journals. However, at all times confidentiality will
be assured, and neither you, the children nor your centre will be identified in the reporting of this research.
ETHICS REVIEW AND COMPLAINTS
This study has been reviewed by the Human Research Ethics Committee (Social Science, Humanities and
Behavioural Science) of the University of Wollongong. If you have any concerns or complaints regarding
the way the research is or has been conducted, you can contact the Ethics Officer on (02) 4221 3386 or email rso-ethics@uow.edu.au.
Should you require any further information please do not hesitate to contact members of the research team.
Yours sincerely,
Mr. Karel Strooband
School of Psychology
kfbs149@uowmail.edu.au

Prof. Marc de Rosnay
School of Psychology
(02) 4221 3455
marcd@uow.edu.au

Prof. Tony Okely
School of Education
(02) 4221 4641
tokely@uow.edu.au

Centre Poster
Ethics Number: 2018/553
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Ms Elena Vasseleu
School of Psychology
elenav@uow.edu.au

Appendix K - Activity examples study 4
Activity One, example of the paper-plane task for 3 year-olds:

Frontside

Backside
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Activity Two, example of each component (e.g., Brick, Block and Threading):

Activity two, track keeping method of children’s completion rates of the tasks:

200

Appendix L - Ethics approval for study 5
Dear Professor de Rosnay,
I am pleased to advise that the application detailed below has been approved.
Ethics Number:

2019/280

Approval Date:

13/08/2019

Expiry Date:

12/08/2020

Project Title:

Validating a new early fine motor formative assessment tool – the Fine Motor
Growth Assessment (FINGA)

Researcher/s:

Okely Anthony; Strooband Karel; de Rosnay Marc

Documents
Approved:

Phase 3 FINGA_Protocol V1 02072019
Response to review 08082019
Appendix A MODEL Overview V1 02072019
Appendix B Activity One V2 08082019
Appendix C Activity Two V2 08082019
Appendix D Director Information Sheet & Consent V2 07082019
Appendix E Parent Information Sheet and Consent V2 07082019
Appendix F FINGA tool V1 07082019
Investigator Details V1 09082019

Sites:

Site

Principal
Investigator
for Site

Big Fat Smile Early Learning Centres in the Illawarra and
surrounds,
KU Children’s Services in the Illawarra and surrounds,
UOW Early Start engagement centres in the Illawarra and
surrounds

Karel
Strooband

The HREC has reviewed the research proposal for compliance with the National Statement on Ethical
Conduct in Human Research and approval of this project is conditional upon your continuing compliance
with this document. Compliance is monitored through progress reports; the HREC may also undertake
physical monitoring of research.
Approval is granted for a twelve month period; extension of this approval will be considered on receipt of
a progress report prior to the expiry date. Extension of approval requires:
• The submission of an annual progress report and a final report on completion of your project.
• Approval by the HREC of any proposed changes to the protocol or investigators.
• Immediate report of serious or unexpected adverse effects on participants.
• Immediate report of unforeseen events that might affect the continued acceptability of the
project.
If you have any queries regarding the HREC review process or your ongoing approval please contact the
Ethics Unit on 4221 3386 or email rso-ethics@uow.edu.au.
Yours sincerely,

Emma Barkus
Associate Professor Emma Barkus,
Chair, UOW & ISLHD Social Sciences Human Research Ethics Committee
The University of Wollongong and Illawarra and Shoalhaven Local Health District Social Sciences
HREC is constituted and functions in accordance with the NHMRC National Statement on Ethical
Conduct in Human Research.
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Director Information Sheet
Ethics Number: HE2019/280
We would like to invite all 3-5 year old children at your centre to participate in a research project. This
project is being conducted by researchers from Early Start at the University of Wollongong and is the third
phase of a study titled Fine motor skill acquisition in the early years: Understanding children’s
progression and supporting development. We write to seek your approval and assistance to conduct this
study with children at your centre.
PURPOSE OF THE RESEARCH
Fine motor skills are the foundation for many daily life activities, such as eating, drawing, typing etc. and
involve smaller muscles movement to hold and manipulate small objects with the use of hands and fingers,
which require eye-hand coordination. Research has shown that fine motor skills are related to important
abilities such as cognition, gross motor, behavioural skills and later school achievements. Tools that support
early years educators to enhance these outcomes are limited, and specifically assessment tools that support
assessment for learning practice are often summative in nature and not designed to be used in naturalistic
play-based settings. We have developed a new and innovative early fine motor formative assessment – the
Fine Motor Growth Assessment (FINGA) tool – to assess and monitor fine motor development over time
using two activity-based assessments. Now we are seeking to collect some data to evaluate and validate the
tool and make sure it functions as intended
METHOD AND DEMANDS ON PARTICIPANTS
If you agree for children in your centre to participate, we will involve children who have parental consent
to participate in two fine motor assessment sessions that gives them an opportunity to practice and show
their fine motor skills. Specifically, these assessments will ask them to write, draw, cut, fold and build with
a variety of materials. Children's responses to these assessments will be used to evaluate our new assessment
of children's early fine motor development.
Specifically, we would like to visit your centre to conduct the following:
1.

2.

3.

A researcher will visit your centre to administer two comparison fine motor assessments with the
children who have given consent. The two assessments will take approximately 30 minutes in
total, and the children will be given a 30-minute break between assessments.
Later the same day or next available day, the PhD student researcher (Karel Strooband) will
administer our early fine motor assessment (FINGA). The FINGA activities will be divided into
two parts to ensure that children have sufficient break in between and take approximately 30
minutes in total.
Additionally, the parents or caretakers and director (or room leader) will be asked to complete a
short questionnaire (6 items) about the child’s fine motor skill abilities.

This will provide important data on how our assessment performs relative to other existing assessments.
These assessments will be delivered after the child has had at least 30 minutes break. The assessments will
be administered in an area of your centre that is open to visual supervision, but is removed from the central
activities occurring in the centre (so as to minimise distraction). Please also note that the two UOW
researchers involved have Working with Children clearance and extensive experience interacting with
children of this age. Such practices will ensure that we provide a safe and supervised environment for the
children.
We will video-record the two FINGA activities so we can review children’s performance later to determine
important behaviours (e.g. use of resources, interest and engagement during activities, difficulty of activity
suites children’s age). Once we have completed these coding’s, the videos will be deleted. This will ensure
that the children’s names and images will not be able to be associated with the data, keeping data
anonymous and confidential.
POSSIBLE RISKS, INCONVENIENCES AND DISCOMFORTS
Apart from the time taken to participate in this study, we foresee no risks to the children at your centre. If,
however, a child becomes frustrated during a activity, they will be in the presence of a trained researcher
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experienced in early childhood education and care who can provide immediate support to the child, and
will be able to discontinue a activity at the child’s request or at their discretion (even if the child does not
ask).
As the focus of the research is on the performance of a newly developed assessments, rather than children’s
performance, we are unable to provide individual children’s results. Please note that children’s involvement
in the study is entirely voluntary and they, or their parents, may decline to participate or withdraw them
from the study at any time. In either event, declining to participate or withdrawing from the study will not
affect a child’s relationship with the researchers or the University of Wollongong. Note that all data
collected will be kept strictly confidential. Neither the children nor your centre will be identified in any part
of the research.
FUNDING AND BENEFITS OF THE RESEARCH
This research is not subject to funding. The findings of this research will be used to develop a direct
assessment of a child's early fine motor acquisition. As such, findings from this research may be reported
at academic conferences and published in educational journals. However, at all times confidentiality will
be assured, and neither you, the children nor your centre will be identified in the reporting of this research.
ETHICS REVIEW AND COMPLAINTS
This study has been reviewed by the Human Research Ethics Committee (Social Science, Humanities and
Behavioural Science) of the University of Wollongong. If you have any concerns or complaints regarding
the way the research is or has been conducted, you can contact the Ethics Officer on (02) 4221 3386 or email rso-ethics@uow.edu.au.
Should you require any further information please do not hesitate to contact members of the research team.
Yours sincerely,
Mr. Karel Strooband
School of Psychology
kfbs149@uowmail.edu.au

Prof. Marc de Rosnay
School of Psychology
(02) 4221 3455
marcd@uow.edu.au

Prof. Tony Okely
School of Education
(02) 4221 4641
tokely@uow.edu.au

Director Consent Form
Ethics Number: HE2019/280
Research Title: Fine motor skill acquisition in the early years: Understanding children’s progression and
supporting development
Researchers: Mr. Karel Strooband, Prof. Marc de Rosnay & Prof. Tony Okely
I have read the Director Information Sheet and have had an opportunity to ask the researchers any further
questions I may have. On the basis of that information, I understand that there are no expected risks to me
or the children at my centre as a result of participating in this study. I understand that my participation in
this research is completely voluntary and I may decline to participate without affecting my relationship with
the researchers, my employer or the University of Wollongong. I understand that I may also withdraw any
data I have provided up until two weeks after the completion of my data being collected, by contacting the
researchers.
I understand that the data collected will only ever be reported in anonymised, aggregate summary form or,
where a direct quote is used, with a pseudonym to ensure my anonymity. It is expected that the results of
this study will be presented at national and international conferences and/or published in academic journals.
However, at all times confidentiality is assured. I understand that all information collected will be
anonymous, will be kept strictly confidential and that I will not be identified in any part of the research.
By signing below I am indicating my consent to participate in this research.
Signed
___________________________________

Date
____/____/_______

Name (please print)
___________________________________

Centre Name
_____________________________
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Centre Poster
Ethics Number: HE2019/280
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Appendix N - FINGA tool first draft

FINGA
K FB Strooband
M de Rosnay
A D Okely
S J Howard
C Neilsen-Hewett

Fine Motor
Growth
Assessment
Draft Version 1
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Fine Motor Growth Assessment (FINGA)
How it works
The Fine Motor Growth Assessment (FINGA) is a measure of fine motor development that seeks to rate children’s responses to activity-based
assessments, which give them an opportunity to demonstrate their fine motor skills. There are two fine motor skill activities that are part of the
FINGA model; (1) paper plane activity, and (2) game- based activity. The overview below provides complete outline on how each component of
the FINGA scoring works.
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Fine Motor Growth Assessment (FINGA)
Activity Instructions
Activity 1: Plane
This activity is done with a child and adult, one on one. In this activity, children will
be presented with a special designed writing, drawing, cutting, folding and
throwing tasks.
The objective for the child is to build a paper airplane with the instructions of the
facilitator. The child will proceed through a series of steps that are needed to build
a paper plane. For each age group minor adjustments have been made to increase
the level of difficulty, however the action sequence stays the same:
• Write your name (copy if needed)
• Draw yourself
• Copy the symbols in the plane windows
• Copy letters (Plane)
• Cut along the dotted line
• Fold the paper (blue lines)
• Throw your plane
For each step, a series of instructions should be given to the child, directing them
with the next task (see script below). The script is a tool that can assist the
facilitator, however does not need to be followed precisely.
This sequence is as follows:
1. Place a finished model and child’s worksheet on the table in front of the
child. Explain the end goal by showing the model for this activity to the
child.
2. Let the child pick a pencil to use for the activity. Provide the child with
multiple options. “You can use whatever colour you want.”
3. Have the child write their name in the left right corner (red-box). If the child
is not able to write his or her own name, print the child’s name on top of the
red box and ask to copy.
4. Have the child draw him-/herself on the plane in the green-box. Give them
all the time they need to complete this task and let them tell you when they
are finished.
5. Have the child copy each of the symbols in the yellow boxes (plane
windows).
6. Have the child copy the word Plane in the red-box on the bottom.
7. Have the child cut the paper on the dotted line. “Cut along this line” show
hand action.
8. Have the child turn the paper and fold on the blue line. Use the lines on the
front-side to complete the folding activity and form the plane.
9. Have the child throw the plane to see how far the plane can fly.
209

Tips:
- Allow yourself to model to the child for each task, preferably after the child
completed the task.
- Make sure you understand the scoring sheets, which are completed after
the activity; FINGA – Plane results scoring sheet & FINGA – Observer scoring.
- Observed children’s: fine motor precision, fine motor integration, bilateral
coordination, motor coordination, pencil grip and grapho-motor skills.
Plane activity Script
1. We are going to play a building game. In this game we are going to
build a paper plane, like this one (show the model). Have you build a
paper plane like this before? (Child’s response) Well, this time it is a bit
special because first we will need to make it look colourful by doing
some writing, drawing and cutting.
2. You can pick one of these pen or pencils, and you can use whatever
colour you like.
3. Great choice. Do you see the red box up here (point at red-box), can you
try to write your name in the box?
•

Child is not able to do this: Print the child’s name on top of the red box
and ask: See this is how I would write your name, can you try to
write your name now?

4. Well done. Would you like to use the same pencil or a different one?
(Child’s response). Do you see the green box over here (point at greenbox)? I want you to try to draw yourself in the box. You can take as long
as you need and tell me when you are finished.
5. Well done. Would you like to use the same pencil or a different one?
(Child’s response). Do you see the symbols in the yellow plane windows
over here (point at the three symbols)? Can you try to copy these
symbols in the windows below.
•

Child needs prompting: Great job, can you now copy this symbol
down here? (point at symbol and window)

6. Well done. Would you like to use the same pencil or a different one?
(Child’s response). Do you see the word down here (point at the word)?
This is the word Plane. Have a good look at all the letters, can you try
and copy all these letters in the box below?
7. Great job, now we are going to do some cutting. Have you used scissors
before? (Child’s response). Do you see the dotted line over here? (point
along the line) Can you try to cut along the line? While the child is cutting,
the facilitator can unfold the model.
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8. Great job, now turn your piece of paper over so it looks like mine (have
model in front of you). We are going to try and fold the piece of paper in
half until we see the blue line. First have a look at how I do it and then
you can have a turn (modelling folding). Well done, now we need to fold
the wings of the plane. First have a look how I do this and then you can
have a turn. Remember we fold until we see the blue line (repeat for
other three folding lines).
9. Great job. Can I have a quick look (as facilitator make sure the paper is
“ready” to be thrown)? Well done it looks like mine, now we need to see
if it can fly - Hold the paper the plane by its “nose” and give it back to the
child. Can you throw it that way? (point out a safe way) Amazing, you
want to have one more go? (Child’s response)
10. Great job, thank you so much for playing this fun game with me. Did
you like it? (Child’s response) I will make a quick photo of your work
and they you can put it in your bag and take it home.
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Activity 2: Game- based
A facilitator will invite a group of two to three children to play a 15-20 minute
game- based activity, using three types of building elements (e.g. bricks, threading
and blocks). The objective for each child is to copy the designs on the goal cards.
For each element a variety of goal cards are available created, these will be
presented to the children in a fixed order and increase in difficulty.
The facilitator can follow the script (see game-based script), however does not
need to be followed precisely. All cards will be put faced down in order of
difficulty. The facilitator will give children with turns to pick up a card and put the
card in the cardholder. After that the children will be asked to copy the design on
the cards with the materials provided by the facilitator. All cards are coded so the
facilitator can score the child’s responses during the game using the FINGA game
results scoring sheet. The facilitator explains that the aim of the game is to build as
many goal cards as we can by copying them correctly.
This sequence is as follows:
1. Facilitator, prepare the game before the kids arrive.
a. Face down the goal cards, have a cardholder.
b. Prepare the materials needed for all goal cards, so children don’t
need to wait to long.
2. Invite the children to join the table and explain the aim of the game. The
facilitator can use the example cards to see if the children understand what
they need to do. If not, example cards can be used to help and model for the
children.
3. Children then take turns turning over cards until all elements are
completed. Every time they turn over an example card, the facilitator can
use this to set up the new element (thread, brick and blocks)
4. There is no winning or losing at this game. All children are winners so make
sure you congratulate them and give them a price (sticker).
Tips:
- As facilitator your aim is to keep a close eye on how children build and copy
the cards and take notes during the activity.
- Make sure all children feel engaged in the game. They are allowed to talk
about their work, be engaged.
- If a child asks for help, you can use one of the other children to as a model if
done correctly or you can model this yourself (note this down).
- Making mistakes is not a problem, you don’t need to correct them just make
a note what they did and keep going. Make sure you observe and don’t
teach.
- Observe children’s; fine motor precision, fine motor integration, bilateral
coordination, motor coordination, object manipulation, fine motor speed
and creativity.
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Game-based Script
1. We are going to play a copy game. In this game we need to try and copy
as many of the goal cards as we can, by building exactly the same as on
the cards.
2. (Show the first example card, threading) – Like this one, first we need to
have a good look at the card and try to make the same by using the
beads we need. Do you think you can make the same? (Child response)
3. Great job, that was just to practise now we are going to start …Child 1…
you can turn over the first card and put it in here. Have a good look
and try to build exactly the same.
4. Child 2… you can turn over the next card and put it in here. Have a good
look and try to build exactly the same. [Keep going on until you finish
threading]
5. (Show the second example card, bricks) – Now we are going try some
bricks, like this one and remember first we need to have a good look at
the card. Then we can try to make the same by using the bricks we
need. Do you think you can make the same? (Child response)
6. Great job, that was just to practise now we are going to start …Child 1…
you can turn over the first card and put it in here. Have a good look
and try to build exactly the same.
7. Child 2… you can turn over the next card and put it in here. Have a good
look and try to build exactly the same. [Keep going on until you finish
threading]
8. (Show the last example card, blocks) – Now we are going try some blocks,
like this one and remember first we need to have a good look at the
card. Then we can try to make the same by using the blocks we need.
Do you think you can make the same? (Child response)
9. Great job, that was just to practise now we are going to start …Child 1…
you can turn over the first card and put it in here. Have a good look
and try to build exactly the same.
10. Child 2… you can turn over the next card and put it in here. Have a good
look and try to build exactly the same. [Keep going on until you finish
threading]
11. Great job, thank you so much for playing this fun game with me. Did
you like it? (Child’s response) What did you like the most? (Child’s
response)

213

Fine Motor Growth Assessment (FINGA)
PLANE RESULTS SCORING SHEET
Child Name/ID: ___________________ Child Sex: M/F

Child Age: _____

Rater:___________

Date: ____ /____ /______

Rater Notes:
• Keep note of children’s fine motor acquisition during the activity and use FINGA GAME OBSERVER SCORING SHEET, when the game is finished
1. Writing Name (modelling if needed)
1
2
Child cannot form any letters
Child is able to copy and write
from their name before or
their name after printed with
after printed. Aimless
low attention for detail.
uncontrolled scribbling.
OR
Child is able to write the first of
first two letters of their name,
without a printed name with
close attention for detail.
2. Draw Yourself
1
Child is not able to draw him/herself. Aimless uncontrolled
scribbling.

3. Copy Shapes
1
Child is not able to copy any of
the shapes. Aimless
uncontrolled scribbling.

3
Child is able to copy and write
their name after printed with
close/high attention for
detail.
OR
Child is able to write a part of
their name without a printed
name with close attention for
detail.

4
Child is able to write their own
name without a printed name
with close attention for detail.

5
Child is able to write their own
name without a printed name,
and all letters have high
attention for detail

2
Child is able to draw him/herself with only a head
shape. Head should at least
have one point of detail (e.g.,
eye or mouth)

3
Child is able to draw him/herself with at least a head,
body arms and legs.

4
Child is able to draw him/herself with at least head,
body arms, legs and one point
of detail (for example eyes or
fingers). Drawing has close
attention for detail (such as,
lines closing gabs)

5
Child is able to draw him/herself with at least head,
body arms, legs and 2 or more
points of detail (for example
eyes or fingers). Drawing has
high attention for detail (such
as, lines closing gabs)

2
Child is able to copy 1 out of 3
shapes with high attention for
detail.

3
Child is able to copy 2 out of 3
shapes with close attention for
detail
OR

4
Child is able to copy each
shape with close attention for
detail.

5
Child is able to copy each
shape with high attention for
detail.
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Each shape with low attention
for detail.
4. Copy Letters
1
Child is not able to copy any of
the letters. Aimless
uncontrolled scribbling.
5. Cutting Paper
1
Child is not able to cut paper
with child safe scissors.

2
Child is able to copy 1 letter
with close and 1 letter with
low attention for detail.

3
Child is able to at least 2 letters
with close attention for detail,
with all other letters with low
attention for detail.

4
Child is able to copy all letters
with close attention for detail.

5
Child is able to copy all letter
with high attention for detail.

2
Child is able to cut paper with
child safe scissors. Child clearly
is not able to follow the line
(i.e. cuts from multiple angles).

3
Child is able to cut paper with
child safe scissors. Child does
not stay close to the line. A
centimetre or more outside of
the line for two or more times.

4
Child is able to cut paper with
child save scissors and stays
close to the line. Within a
centimetre of line the entire
line (close attention for
detail).

5
Child is able to cup paper with
child save scissors and stays on
the line the entire time (high
attention for detail)

3
Child is able to fold the piece of
paper in half and the edges are
close to parallel. Child is able
to fold the wings with low
attention for detail.

4
Child is able to fold paper in
half with edges parallel and
the wings with close attention
for detail.

5
Child is able to fold the paper
plane, like the facilitator does,
by using the folding lines and
high attention for detail.

6. Folding Paper (modelling if needed)
1
2
Child is not able to fold the
Child is able to fold the piece of
paper in half nor the wings
paper in half with edges not
after modelling of the
parallel. Child cannot fold the
facilitator.
wings. All folds are not close to
the folding lines.

215

Fine Motor Growth Assessment (FINGA)
GAME RESULTS SCORING SHEET
Child Name/ID: ___________________ Child Sex: M/F
Child Age: _____
Rater:___________
Date: ____ /____ /______
Card
Ex 1 Thread Example
1.
Thread 1
2.
Thread 2
3.
Thread 3
4.
Thread 4
Ex 2 Brick Example
5.
Brick 1
6.
Brick 2
7.
Brick 3
8.
Brick 4
9.
Brick 5
Ex 3 Block Example
10. Block 1
11. Block 2
12. Block 3
13. Block 4
14. Block 5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Score
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Child Name/ID: ___________________ Child Sex: M/F
Child Age: _____
Rater:___________
Date: ____ /____ /______

Note

Ex 1
1.
2.
3.
4.
Ex 2
5.
6.
7.
8.
9.
Ex 3
10.
11.
12.
13.
14.

Card
Thread Example
Thread 1
Thread 2
Thread 3
Thread 4
Brick Example
Brick 1
Brick 2
Brick 3
Brick 4
Brick 5
Block Example
Block 1
Block 2
Block 3
Block 4
Block 5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Score
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Note

Rater Notes:
• Play the game with two or three children at once and score at the same time (circle the right answer)
• 0 = Not able to do the task OR not similar to card, 1 = Close to the same off card (small mistake of placement) and 2 = Exactly the same as card
• Keep note of children’s fine motor acquisition during the activity and use FINGA GAME OBSERVER SCORING SHEET, when the game is finished
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Fine Motor Growth Assessment (FINGA)
OBSERVER SCORING SHEET
Child Name/ID: ___________________
Child Sex: M/F
Rated: Individual Paper-plane - Group Coping-cards

Child Age: _____

Rater: ___________ Date: ____ /____ /______

Activity

Rater Notes:
1. Fine Motor Precision

1

2

3

4

5

This component focuses on the child’s precision and attention for detail during the activity. To rate this component, you have to observe the child’s precise control of
hand and finger movements. Regarding the plane activity, does the child stay within the borders while writing, drawing, cutting and folding? At a score of 1, a child
repeatedly performs outside of the boxes/borders of the task. At a score of 5, a child pays close attention to detail in each component and stays within boundaries all
the time. Regarding the copying-cards activity, does the child close attention for detail and places the blocks, bricks and beads accurately, as on the card? At a score of
1, a child repeatedly misplaces objects. At a score of 5, a child pays close attention for the position off each object and ensures it is exactly in the right place.

2. Fine Motor Integration

1

2

3

4

5

This component focuses on the integration of visual perceptual abilities with the correct fine motor response during the activity (also known as visual motor
integration). To rate this component, you have to observe children’s use of their eyes in combination hands and fingers. Regarding the plane activity, what is the
child’s ability of drawing themselves and reproducing shapes? At a score of 1, a child is not able to draw themselves or copy shapes, nor letters. At a score of 5, a child
is mindful when drawing him-/herself and is capable to accurately copy shapes and letters. Regarding the copying-cards activity, what is the child’s ability of grasping
objects and using these to build and reproduce specific designs? At a score of 1, a child is not able to reproduce any designs after carefully looking at them. At a score
of 5, a child is thoughtful when inspecting cards, which reflects to accurate reproduction of designs.

3. Bilateral Coordination

1

2

3

4

5

This component focuses on the coordination of both sides of the body working simultaneously during the activity. To rate this component, you have to observe the
children’s ability to use both sides of the body, arms, hands and fingers, at the same time in a controlled and efficient manner. Regarding the plane activity, does the
child make use of both hands during cutting and folding in an efficient and controlled way? Regarding the copying-cards activity, does the child uses both sides of the
body simultaneous to organize the objects effectively? For plane and copying-cards activity, at score of 1, a child does not use his/her non-dominant hand during any
point in the activity to assist the dominant hand. At score of 5, a child’s non-dominant makes contribution during the activity by assisting the dominant hand, which
results in more accurate and controlled movements.
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4. Motor Coordination

1

2

3

4

5

This component focuses on the child’s ability to match their arm and hand movements with pace and power during the activity in a coordinated way. To rate this
component, you have to observe children’s competences of using objects with the correct force (e.g. finger strength). Regarding the plane activity, does the child have
control when using a pencil or throwing the plane? At score of 1, a child has poor pencil control or difficulties holding and throwing paper plane. At score of 5, a child
has great pencil control and is able to hold and throw the plane with force. Regarding the copying-cards activity, does the child have control when pushing bricks
together or when threading? At score of 1, a child is not able to push bricks together, nor able to tread. At score of 5, a child pushed bricks and threads with ease.

5. Pencil Grip (Plane only)

1

2

3

4

5

This component focuses on the child’s ability to grasp and hold a pen or pencil during the plane activity. To rate this component, you have to observe children’s
technique when grasping a pen or pencil and their skills to move the hand while holding the pen or pencil. Regarding the plane activity, what kind of pencil grip (e.g.
cylindrical, digital, modified tripod or tripod grasp) uses the child during writing and drawing? At score of 1, a child has a cylindrical grasp (e.g. holds the pen as an
hammer) and shows no controlled movements. At score of 5, a child has a tripod grasp (e.g. three-finger grip, where pen or pencil is in between thumb and index finger
while resting on the middle finger) and has smooth control over the movement of the pen or pencil.

6. Grapho-motor Skills (Plane only)

1

2

3

4

5

This component focuses on the child’s ability to combine motor, cognitive and perceptual skills to be able to write and draw during the plane activity. To rate this
component, you have to observe the children’s manual operation of a pen or pencil during writing or drawing about themselves. Regarding the plane activity, does the
child define his/her thoughts through writing or drawing? At score of 1, a child is not able to write his/her name or draw any parts of his-/herself. At score of 5, a child
is able to form letters from his/her name and draw parts of themselves.

7. Object manipulation (Copying only)

1

2

3

4

5

This component focuses on the child’s ability to grasp and control small objects with their hands during the copying-cards activity. To rate this component, you have to
observe the children’s competences to control the movements of small objects with their hands. Regarding the copying-cards activity, can the child grasp objects and
manipulate these with care? At score of 1, a child is not capable of grasping small objects or is continues dropping objects. At score of 5, a child has great ability of
grasping small objects and moving these objects within one or between two hands.

8. Fine Motor Speed (Copying only)

1

2

3

4

5

This component focuses on the child’s ability to manipulate objects in a quick but coordinated manner. To rate this component, you have to observe the time it takes
children to complete a task successfully. Regarding the copying-cards activity, how long does it require for a child to complete the task correctly? At score of 1, a child
requires excessive amount of time to complete a single design. At score of 5, a child completes designs rapidly without reducing their accuracy and control during the
task.
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